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1.0

2.0

SCOPE

This specification sets forth the requirements for the analysis, design,
development, fabrication, test, integrationm, installation, checkout and

maintenance of airborne electronics (avionics) equipment with its computer

programs that will provide a terminal area navigation, guidance and con-
¢rol function for a V/STOLAND research aircraft. The avionics hardware and
software are referred to herein as V/STOLAND. This specification also
covers ground support equipment and special checkout equipment for
V/STOLAND. V/STOLAND will interface with government-furnished ground
navigation aids, pilot, data accuisition equipmert, and aircraft, to pro-
vide a complete V/STOLAND terminal area navigationm, guidance and control
research system.

APPLICABLE DOCUMENTS

The following documents of the issue in effect on date of contract form a
part of this specification to the extent specified herein. In the event
of conflict between this specification and other documentation referenced

herein, the requirements of this specification shall prevail.

Military
MIL-STD-882

MIL-STD-810B
MIL~-STD-461A
MIL-5%-5087B
Amendment

AFSC DH 1-4

MIL-STD-704A
MIL-Hndbk-5B
FAA Regulations
Yol IV, Part 29
MIL-Hndbk-694A

NASA

AHB 5328-1

Safety Engineering of Systems and Associated Subsystens
and Equipment: General Requirements for

Environmental test Methods for Aerospace and Ground
Equipment as applicable in Section 4 of Spec

Electromagnetic Interference Characteristics,
Requirements for Equipment

Bonding, Electrical and Lightning Protection for
Aerospace Systems

Electromagnetic Compatibility Handbook

Electric Power, Aircraft, Characteristics and
Utilization of

Military Standardization Handbook - Metallic Materials
and Aerospace Vehicle Structures

Alrworthiness Standards; Transport Category Rotorcraft
(Part 29) '

Aluminum and Aluminum Alloys Handbook

Preferred Parts and Materials List (Ames Research Center)



2.1

NHB 5300.4(1A)

NHB 5300.4(1B)

Reliability Program Provisions for Aeronautical and
Space Systems Contractors

Quality Program Provisions for Aeronautical and Space
Systems Contractors

FAA Advisory Circular AC No. 29.1 - Approval Basis for Automatic Stabiliza-
tion Equipment Installations on Rotorcraft. (Paragraphs 4.a and 4.b of this
document are excluded.) : ‘

Guidelines Documents

The following documents shall be used as a guide in the construction of
equipment, in the modifications to the aircraft, and in the installation
practices required to install and operate such equipment on board the

aircraft.

If conflicting requirements exist the lowest numbered document

shall take precedence.

l.

10.

il.

12,

FAA Advisory Circular AC No. 29.773-1
Pilot Compartment View

FAA Advisory Circular AC No. 43.13-1A
Acceptable Methods, Techniques and Practices - Alrcraft Inspection

and repair

FAA Advisory Circular AC No. 43.13-2 :
Acceptable Methods, Techniques and Practices - Airecraft Alterations

FAA Advisory Circular AC No. 65-9
Airframe and Power Plant Mechanics General Handbook

FAA Advisory Circular AC No. 65-12 ,
Airframe and Powerplant Mechanics Airframe Handbook

Air Force Systems‘Command (AFSC) Design Handbooks

Series 1-0,

MIL-STD-250C
MIL-Hndbk-5B

MIL-Hndbk-694A

MIL-F-2490C
MIL-E-7080B

MIL-E-5400N

2-0, and 4-0

Aircrew Station Controls and Displays for Rotary
Winged Aircraft

Military Standardization Handbook - Metallic Materials
and Aerospace Vehicle Structures

Aluminum and Aluminum Alloys Handbook

Flight Control Systems Design Installation and Test
of Pliloted Alreraft - General Requirements for

Electronic, Equipment, Aircraft, Selection and
Installation of

Electronic Equipment, Airborne, General Specification



3.0

3.1

3.2

13. MIL-E-25499C Electrical Systems, A/C design and Installation of,
General requirements for

14, MIL-STD-882 Safety Engineering of Systems and Associated Subsystems
and Equipment, General requirements for

15, MIL-STD-810B Environmental Test Methods for Aerospace and Ground
Equipment

16. SP 6502 Elements of Design Review for Space Systems

17. FAA Advisory Circular AC No., B5-15
Airframe and Power Plant Mechanics Airframe Handbook

REQUIREMENTS

Objective

The objective of the V/STOLAND Flight Research Program is to develop opera-
tional and design criteria for V/STOLAND operational and design transport
operations utilizing advanced VIOL vehicles such as the tilt-rotor air-
craft. The objective of V/STOLAND is to develop an airborme hardware/
software system to provide the navigation, guidance, control, and displays
for that portion of the NASA/ARC V/STOLAND Flight Research Program to be
conducted with the UH-1B helicopter. V/STOLAND hardware and software shall
be as identified herein.

The V/STOLAND described by this specification will be used for terminal
area operation, approach, and landing research on a NASA/ARC UH-1 heli-
copter. Flight equipment shall be developed to allow evaluation of the
aircraft's V/STOLAND performance as a function of avionics automation
level, flight path geometry, operational environment and ground navigation
eids. This specification requires V/STOLAND to operate through approach
and landing touchdown in discrete configurations which represent selected
degrees of automation from fully automatic to manual only. V/STOLAND shall
utllize microwave scanning beam landing guidance system (MODILS) and Multi-
lateration ranging system (MRS) as landing ald candidates. V/STOLAND shall
also use TACAN and VOR/DME to allow terminal area navigation and landing
approach research,

Program Approach

Uncertainties exist in the dynamic response characteristics of the experi-
mental aircraft and its control system. Therefore, the V/STOLAND shall
provide adjustable control feedback gains to compensate for the aircraft
uncertainties.

The NASA/ARC simulation will be an important feature of the program, and
this specification requires V/STOLAND to interface with the simulation to
allow demonstration of full V/STOLAND capabilities for the UH-1 helicopter.
The NASA/ARC simulation is defined in Section 3.9.6.2.



One shipset of avionics hardware will be-used alternately in the research
vehicle and the NASA/ARC simulation. To facilitate equipment transfer

two sets of cables, actuators, and control serisors will be used, one set
each for the research vehicle and the simulation facility. Installation

of the flight avionics in the simulation shall be possible by installing
individual units into the simulation equipment rack, or by removing the
flight equipment rack from the aircraft and interfacing it with the simula-
tion. Equipment transfer should require no more than two ei{ght-hour shifts;
successful completion of transfer shall be verified by operation of the
system preflight test.

In order to meet accuracy and safety requirements and to maximize appli-
cability to the time period of interest, the avionics must be constructed
using the most promising technology and techniques that can be reliably
constructed and installed. An important comsideration is that the V/STOLAND
minimize the pilot's workload and enhance his ability to operate the air-
craft safely in the terminal area when flying on instruments. All design
requirements must be implemented with full consideration for safety in

the flight research program.

3.3 V/STOLAND Flight Research System

The elements of V/STOLAND are diagrammed in Figure 3.3{(a). The arrangement
for interfacing V/STOLAND with the NASA/ARC simulation is shown in Figure 3.3(b).

3.3.1 Description of V/STOLAND Elements

V/STOLAND shall consist of the elements described herein. System design
requirements are given in Section 3.6.1.

3.3.1.1 Air Data Sensors

V/STOLAND shall include a static pressure transducer which shall interface
with GFE static pressure port and a GFE alrspeed transducer. For the TH-1
helicopter, V/STOLAND shall not include a total temperature sensor. Data
for temperature correction of the static pressure transducer shall be pro-
vided by a sensor integral to that transducer. The interfaces shall be
depicted and controlled in the Aircraft Interface Document, Section 3.9.5.
Detailed requirements are given in Section 3.6.2.

3,3.1.2 Stabilization and Control Sensors

V/STOLAND shall include a 3-axis rate gyro assembly and a three-axls
accelerometer assembly. Pitch and roll attitude references shall be
provided by an on-board vertical gyro. Magnetic heading i{information
shall be provided by an on-board compass system. The contractor
shall provide electrical interfaces and mounting provisions for

a GFE inertial navigation system in addition to the vertical gyro
interfaces. .

3,3.1.3 Navigation Sensors

V/STOLAND shall interface with GFE Navaids, which will include a digital
VOR receiver, a DME receiver, a MODILS receiver, an ILS receiver, a

4
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V/STOLAND ARC Simulation Block Diagram
Figure 3.3(b)
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3.3.1.4

3.3.1.5

3.3.1.6

3.3.1.7

3«:30198

Multilateral Ranging System (MRS) interrogator, a radio altimeter, a
TACAN receiver, an ILS controller, a VOR/DME controller, a TACAN control-
ler, and a MODILS controller. The Navaid receivers will also provide

raw data to aircraft cockpit instruments (GFE). The Navaid receivers
shall be mounted on the V/STOLAND pallet eéxcept as agreed upon in the
Navigation Aids Interface Document (Section 3.9.3) and the contractor
shall provide electrical interconnects between the controllers and
V/STOLAND flight rack. Detailed requirements for V/STOLAND sensors are
given in Section 3.6.2, and the interfaces shall be controlled in the
Navigation Aids Interface Document.

Computer and Data Adapter

V/STOLAND shall include two airborne, programmable general-purpose
18198 digital computers which shall use all of the V/STOLAND soft-
ware defined herein. One computer shall be designated the Basic
Computer, and the other the Research Computer. The V/STOLAND data
adapter shall interface all V/STOLAND hardware elements, except as
agreed by the government, and shall interface V/STOLAND with the GFE
defined in Section 3.8. Detailed requirements are given in Section
3.6.3.

Software

V/STOLAND shall include software that shall allow operation in the con-
figurations defined in Section 3.4, providing all navigation, guidance,
and control functions. The contractor shall provide a complete set of
software for the Basic Computer, and 1/0 executive software for the
Research Computer. The system performance requirements which apply to
the software and hardware are given in Section 3.3.3, and detailed
software requirements are given in Section 3.5. Interfaces to GFE
which affect software will be defined in Section 3.9. The contractor
shall provide sufficient information to allow the government to gen-
erate complete software programs.

Control Stick and Pedal Force Sensors

V/STOLAND shall include c¢yclic and collective control stick and pedal
force sensors (on the research pliot's side) to allow implementation
of "control stick steering'. Detailed requirements for control stick
steering modes are given in Section 3.4.5. The interface with the
alrcraft shall be described in the Aircraft Interface Document
(Section 3.9.5). The control stick and pedal force sensors are
described in Section 3.6.5.

Positlion Sensors

Linear position sensors (LVDT's) shall be provided for parallel actua-
tor position sensing (three) and research pilot's collective control
sensing {one).

Pilot Controls

V/STOLAND shall be operated by the pilot designated as '‘research pilot"
and therefore only one set of V/STOLAND pilot controls and displays

5



3.3.1.9

3.3.1.10

3.3.1.10.

ghall be provided except as stated in Section 3.2. V/STOLAND shall
include an alphanumeric keyboard and panels containing specific buttons
and switches. These controls shall allow the pilot to select guidance
reference values, flight path waypoints, operating configuration, auto-
pilot modes, control feedback gains, programmed flight path, flight
director operation, display parameters, and V/STOLAND test functioms

and shall provide flexibility to perform other functions as they are
defined. A dedicated power supply shall provide power to the cockpit—
mounted V/STOLAND controis. Alphanumeric displays of selected parameters
and other information shall be provided as part of the control panels.
Details of the pilot contr .ls requirements are given in Sections 3.4 and
3.5. Interfaces between the controls and each aircraft shall be detailed
in the Aircraft Interface Document (Section 3.9.5). The research pilot
station is the left seat.

Pilot Displays

In addition to the alphanumeric displays provided in the control
panels, V/STOLAND shall include an Attitude Director Indicator (ADI),
a Horizontal Situation Indicator (HSI), and cathode-ray-tube Multi-
function Display (MFD). The MFD shall function as the primary dis-
play for V/STOLAND and shall have a symbol generator unit. Details
of the display requirements are given in Section 3.6.6. Functional
requirements are also described in Section 3.4 and 3.5. Interfaces
between the digplays and the aircraft and between V/STOLAND and the
GFE displays shall be controlled in the Aircraft Interface Document
{Section 3.9.5).

Aireraft Controls

V/STOLAND in the UH-1 helicopter shall include (CFE) parallel and
(GFE) series actuators to drive the main rotor and the tail rotor

in response to pilot commands. The contractor will define all servo
characteristics. Separate command channels for each series actuator
(four total) shall be provided by the Data Adapter. The Servo Inter-
lock Unit shall provide signal amplification, power supply and inter-
lock circuits to drive the servos and clutches. Position loop closure
for the series actuators shall be provided in the Servo Interlock Unit
(SIU). Rate loop closure, and position loop closure if necessary, for
the parallel actuators shall be provided in the SIU. Parallel actuator
position information shall be obtained by LVDT position transducers
installed at the same points as the parallel actuators. Detailed
requirements for the servos and the SIU are given in Section 3.6.4.
The interface and V/STOLAND shall be controlled in the Aircraft Inter-
face Document (Section 3.9.5}.

1 Cyclic Control System

The cyclic control system shall include (2) parallel electro-
mechanical trim actuators and (2) GFE electrohydraulic series
actuators to control the plane of rotation of the main rotor
thereby resulting in a fore/aft or lateral movement of the
helicopter in response to pilot or autopilot commands through
the cyclic control stick.



3.3.1.10.

3.3.1.10.

3.3.1.11

3.3.1.12

2 Collective Control System

The collective control system shall include a parallel electro-
mechanical trim actuator and a GFE electrohydraulic series actu-
ator to control the pitch of the main rotor thereby resulting in
ascent or descent of the helicopter in response to pilot or auto-
pilot commands through the collective pitch control lever.

3 Directional Control System

The directional control rvstem shall include a parallel electro-
mechanical trim actuator and a GFE electrohydraulic series actuator
to alter the pitch of the tail rotor blades thereby providing a
means of directional control in response to pilot or autopilot
commands through the directional control pedals.

Equipment Mounting and Interconnection

The contractor shall be responsible for detailed design and wiring
definition of aircraft racks to hold the V/STOLAND equipment; fabri-
cation and wiring of the racks shall be the responsibility of the
government. The contractor shall provide a detailed design of the
instrument panel for the left side of the alrcraft; fabrication will
be the responsibility of the government.

The contractor shall provide a set of cables to interconnect the
flight equipment racks with each other and with other equipment
required in the V/STOLAND system.

Aircraft Modification and Equipment Installation

The contractor shall be responsible for the design and accomplishment
of all necessary modifications to the flight research vehicle to per-
mit installation of the V/STOLAND equipment, including antennas.

Following aircraft modificdtion, the contractor shall be responsible
for instzllation and checkout of all V/STOLAND equipment in the flight
research vehicle.

3.3.2 Description of Peripheral Equipment and Ground Support Equipment

3.3.2.1

Ground Support Equipment (CSE)

The Contractor shall provide the following ground support equipment:
{2) Computer Control Panels; Programming for preflight and diagnostic
tests; Special electrical harnesses; Position sensor holding fixture;
ATE Adapter Cables and Test Programs; Aircrft Installation Checkout
Fixture; and Peripherals Controller. Detailed requirements are given
in Sectiom 3.7.



3.3.2,2 Airborne Hardware Simulator (AHS)

The Contractor shall modify a GFE Airborne Hardware Simulator to pro-
vide a special sensor and servo interface simulation with the NASA/ARC
simulation. Detailed requirements for the AHS are given in Section
3.6.7.1. The AHS ‘shall include electrical harness interconnects be-
tween the data adapter and the AHS, between the AHS and the simulation
and between the Basic computer and simulation. The contractor shall
provide an interim digital interface (hardware and software) between
the V/STOLAND computer and the simulation, for use when the data
adapter and AHS are not avallable.

Following modification, the AHS will be usable with both the V/STOLAND
and STOLAND avionics systems without rewiring or further modification.

3.3.2.3 DDAS Instrumentation Unit

The Contractor shall provide for output of V/STOLAND sensor outputs to
the Digital Data Acquisition System (DDAS). Signal conditioning for
all analog and discrete signals shall be provided in an airborne DDAS
Instrumentation Unit. Requirements for signal conditioning are given
in Section 3.6.7.2.

3.3.2.4 V/STOLAND Display Simulator

The contractor shall design, fabricate, install and test the Display
Simulator shown in Figure 3.3.2.4. The objective of this Digplay Simu-
lator is to provide an interim simulator capability at NASA/ARC for

use in defining V/STOLAND MFD display requirements prior to delivery

of the complete simulation equipment shown in Figure 3.3(b). The
equipment used in the Display Simulator which shall be provided by
NASA/ARC is designated by an asterisk(*); all other equipment shall

be provided by the contractor. The MFD Interface Unit may use spare
STOLAND Data Adapter cards, but shall be designed. for rapid removal of
these cards in the event they are needed as flight spares. The Display
Simulator ghall be installed in a UH-1 laboratory simulator at NASA/ARC.

The contractor shall also provide the necessary software to generate
3 terminal approach display configurations.

The contractor shall demonstrate with all equipment operational, the
capability of the Display Simulator to perform all of the functions
normally required of such a facility. This functional demonstration
shall include:

a. Assembly of programs from a source deck and the use
of diagnostics and other programming aids.

b. Simulated flight of a V/STOLAND vehicle.

Acceptance testing shall consist of engineering and pilot approval on
a qualitative basis of the functions of all applicable hardware and
each of three display configurations as described in Task 10 of the
Statement of Work.
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3.3.3

3.3.3.1

3.3.3.2

3,3.3.3

Performance

V/STOLAND shall be capable of navigating, guiding and controlling the
V/STOLAND aircraft within the terminal area using Microwave Scanning

Beam (MODILS) or Multilateration Ranging System (MRS) through an approach
that will include a curved, steep, decelerating descent to a precise
landing. The contractor will provide software in the Basic computer for
guldance and navigation using MODILS; the government will provide soft-
ware in the Research computer for guidance and navigation using MRS,

and for curved, steep, decelerating descents. Approaches to the terminal
area shall also be performed using TACAN or VOR/DME as the guidance aid;
final approach and landing guidance will be obtained from MODILS or
conventional ILS. The guidance capabilities stated in Section 3.3.3.2
shall be demonstrated by simulation when V/STOLAND is operating in any '
one of the configurations described in Section 3.4, on a flight path
defined by Section 3.3.3.2. Simulations will also impose the weather
conditions defined by Section 3.3.3.4. V/STOLAND shall be capable of
controlling the helicopter from an indicated airspeed {IAS) of 120 knots
down to hover. -

Terminal Area Definition

For the purpose of this specification, the terminal area shall include
all air space which is within 30 nautical miles of the pad and which
is less than 10,000 feet above pad elevation.

Programmed Flight Paths

V/STOLAND flight paths for flight and simulator testing will be defined
before each flight. One flight path shall be stored in the Basic com-—
puter for use during each flight., These flight paths shall be described
in the V/STOLAND technical supplement. These flight paths shall be used
for flight and simulator testing which demonstrates system performance.
Each flight path shall be deined and stored in V/STOLAND by a combina-
tion of waypoint locations and analytic functions. The pilot shall be
able to alter the location in 3 dimensions by means of the pilot controls
described in Section 3.6.5.

Envircnments

V/STOLAND shall be designed ‘to permit automatic approaches and landings
under severe wind and gust conditions as defined by Appendix 7.2 of
NASA/ARC Specification Al6851 which shall be augmented by the contractor
to include turbulence conditions during hover.' This requirement shall
be discussed in the V/STOLAND Technical Supplement. Gust—induced accel-
erations need not be smoothed to meet passenger comfort eriteria. Per-
formance of .V/STOLAND under adverse weather shall be demonstrated in the
simulations required by Section 4.5. Environments within the aircraft
are defined in Section 4.5.1. V/STOLAND shall be designed to meet all
requirements of this specification while exposed to the combined operat-
ing environments specified by Section 4.5.l1 and shall be designed to
operate after multiple exposures of several days each to the non-operating
environments specified by Section 4.5.1.



3.4

3.4.1

V/STOLAND Configuration

V¥/STOLAND shall be capable of being operated in four flight configurations
as defined herein: Auto Guidance, Autopilot, Flight Director and Manual,
and shall also have a Calibration/Checkout configuration. . All software for
the first four configurations shall be located in the Basic computer. The
Calibration/Checkout configuration uses preflight test software which is
located in the Research computer. Other Research computer software will
contain experiments, and is called up by depressing the "RES MODE" push-
button on the MFD Control Panel. In the Auto Guidance configuration defined
in Section 3.4.1, V/STOLAND shail automatically navigate, guide, control and
land the aircraft. The other flight configurations, as defined in Sections
3.4.2, 3.4.3, and 3.4.4, shall provide capabilities equivalent to less
sophisticated guidance and control systems. The pilot shall be able to
gswitch between configurations in flight. While V/STOLAND is8 in either
Flight Director or Manual configuration (Section 3.4.3, 3.4.4) the pilot
ghall be able to engage or disengage Control Stick Steering modes (CSS)
defined in Section 3.4.5. The pilot shall be able to switch from an auto~
matic configuration to a C55-aided manual configuration by engaging the CS5
switch, which in turn will cause the YAuto" switch to disengage. V/STOLAND
shall be operable in flight by one pilot (research pilot). A single set of
¥/STOLAND controls and displays shall serve for all configurations. The
information presentation shall be automatically changed when the configuration
is changed in order to provide the display appropriate to the selected con-
figuration. The pilot shall be able to select other preprogrammed display
formats when in "Research" mode. ‘ :

V/STOLAND shall nominally use MODILS for guidance. Outside the MODILS
range, TACAN or VOR/DME shall be used. Receiver tuning shall be performed
manually by the research pilot. Switching between VOR/DME or TACAN and
MODILS shall be automatic if the NAV Source Select switch on the MSP is in
“Auto" position. V/STOLAND shall provide a smooth transition between
navigation alds. -

Other navigation aids, such as MRS and INS, will be available in Research
configuration.

The locations and detailed operation of the controls referred to in this
section shall be controlled by Section 3.6.5. Display operation is more
fully described in Section 3.6.6.

Auto Guidance

V/STOLAND shall be set in the Autc Guidance configuration by moving the
Mode Select Panel servo engage switch to “Auto" and by depressing the
"puto Cuid." pushbutton. Initialization on the flight path shall be as
described in Section 3.5.3. The pilot shall maneuver the airecraft to
within capture limits. The "Auto Guid." button shall light amber until
capture of the flight path. After capture of the flight path, the button
ghall light green and V/STOLAND shall thereafter automatically navigate,
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3.4.2

guide, and control the aircraft within the terminal area through ap-
proach and touchdown along the selected flight path. Maneuvers, from
cruise to landing (V/STOL), shall be coordinated by positioning the main
rotor tilt and blade pitch, the tail rotor blade pitch, and the position
of the synchronized elevator. Navigation, guidance, and control design
requirements are given in Section 3.5.

The research pilot shall be able to monitor V/STOLAND performance on
the displays. He shall be apprised of predicted flight path in
relation to selected flight path, present errors from the selected
flight path in two dimensions and V/STOLAND malfunctions. The MSP
buttons and displays shall indicate automatic arming, engaging and
disengaging of the autopilot modes. If Flight Director is selected,
the flight director indicators shall show pilot guidance information
to the selected flight path. Detailed display requirements are given
in Section 3.6.6.

If the research pilot maneuvers the aircraft outside the flight path
capture limits or if the automatic control is unable to fly to the

flight path, "Auto Guid." shall go off. In the event of detected fail-
ure or loss of navaid data V/STOLAND servos shall disconnect or V/STOLAND
shall enter a safe set of control modes.

V/STOLAND shall automatically disconnect if a fault is discovered during
self-check. If the automatic disconmect fails, application of force by
the research pilot to levels agreed upon between the contractor and
government shall cause autopilot and servo disengagement. The V/STOLAND
servo shall be fitted with clutches that will allow either pilot to over-
power the V/STOLAND control in the event of failure to sense the discon-
nect force level. Either pilot shall also be able to disengage all
V/STOLAND servos by means of the V/STOLAND cutout switch on each cyclic
pitch grip. Emergency cutout, force takeover, or automatic disconnect
shall not shut off mavaid recelvers and controllers, attitude references,
the Flight Director or the HSI: these devices shall continue to provide
basic data to the pilot. The "V/STOLAND Disconnect" warning lights
(Section 3.6.6.6) shall light for. anyhof the above disconnects except
pilot actuacion of the V/STOLAND cutout switches. Shutting off functions

by means of the MSP switches shall not light the disconnect warning
lights,

Autopilot

This configuration is selected by moving the "AUTO" switch on the Mode
Select Panel to the engaged position. That action will engage the
basic autopilot modes of pitch attitude hold and heading hold. The
control stick steering modes of Sectiom 3.4.5 are available to the

research pilot in this configuration,’ aé well as all of the autopilot
modes of Section 3.4.2.1, ‘
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3.4.2.1 Autopilot Modes

V/STOLAND shall provide the autopilot modes described herein as func-
tions of software in the Basic computer. The research pilot shall

be able to call any safe combination of lateral or longitudinal modes.
Each mode shall provide for automatic trim of the aircraft. All modes,
unless specified otherwise, shall be operable in both cruise and
V/STOLAND {landing) aircraft configurations. Each mode shall operate
the aircraft controls including collective pitch, cyclic pitch, and the
directional controls as appropriate to the aircraft configuration.
Normal acceleration and atcitude rate limiting shall be used to provide
smooth operation. When "AUTO" operation is commanded, V/STOLAND shall
automatically enter the Pitch Attitude Hold mode.

Autopilot modes, except Heading Hold as described below, shall go off
when the pilot maneuvers outside capture limits. If a fault is dis-
covered by V/STOLAND self-check, the servos shall disconnect and the
"V/STOLAND DISCONNECT" warning light shall flash. Application of foree
levels agreed upon between the contractor and the government shall cause
disengagement of the V/STOLAND servos and autopilot. The V/STOLAND
cutout switch shall disengage the V/STOLAND servos and autopllot.

I1f roll angle is less than 5 degrees, Heading Hold shall automatically
be initiated. If roll angle is greater than 5 degrees, Roll Attitude
Hold shall automatically be engaged.

3.4.,2,1.1 Pitch Attitude Hold

This mode shall be automatically engaged when "AUTO" operation is
initiated. The alrcraft pitch attitude shall be maintained at the
attitude extant at the time of initiation.

3.4,2,1.2 Heading/Roll Angle Hold

This mode shall be autcmatically engaged when the "Auto" switch is
selected. If the roll angle is less than 5 degrees, Heading Hold
shall be engaged. When the roll angle is greater than 5 degrees,
Roll Angle Hold shall be engagad. V/STOLAND shall maintain the
roll angle by coordinated control operation. V/STOLAND shall 1limit
roll angles to within safe aircraft operating limits. When a roll
angle is being held, the "HDG HLD" buttom light shall go out.

3.4.2.1.3 Heading Select

The pilot shall be able to select a desired heading by means of
the Heading slew switch and by selecting this mode, the aircraft
shall be maneuvered to smoothly capture the selected heading.
After capture, this mode shall switch to Heading Hold.

3.4,2.1.4 Indicated Airspeed (IAS) Modes

These modes shall be engaged by the "IAS HLD" and "IAS Select"
buttons on the MSP. Airspeed shall be controlled to the existing
value at initiation of the mode or to the selected value by means
of pitch attitude changes.
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3.4.2.1.5 Flight Path Angle Modes

These modes shall be seléctable to control flight path angle
within safe limits. The Flight Path Angle Hold Mode may be
used with the Altitude Select mode; in this case the pllot-
selected flight path angle shall be held instead of the angle
selected automatically by the Altitude Select mode. Upon cap- .
ture of the selected altitude, Flight Path Angle Hold shall
disengage. If conflicting commands are given, the last mode
selection shall prevail and the previous selection shall drop
out.

3.4.2.1.6 Altitude Modes

These modes shall be selectable by means of the "ALT HLD" and

PALT SEL" buttons on the MSP. The select function shall smoothly
maneuver the aircraft into a safe ascent or descent as appropriate
to the aircraft, airspeed, etc. to smoothly capture the selected
altitude. 1If a flight path angle has been engaged by "FPA HLD",
the flight path angle shall be held until altitude capture.
Altitude modes shall be referenced to best estimated altitude,
derived primarily from barometric altitude.

3.4.2.1.7 HNavaid Radial Guidance

Automatic guidance and control along a VOR or TACAN radial shall

be selectable by the pilet. The radial bearing shall be selectable
by the course slew switch on the MSP. Depressing the "TAC" or

"WOR" lateral guidance pushbutton shall enable smooth capture of the
selected radial when the alrcraft is maneuvered to within capture
limits defined by the contractor. When selected, the "TAC" or i)
lateral guidance pushbuttons shall illuminate amber when the data
valid indicates valid and shall light green when the airplane has
been guided to within the capture limits of the selected radial.-
When the data valid indicates invalid, the modes shall not arm (no
lights). Tuning of the navaids shall be performed manually by means
of the GFE navaid controllers. Loss of the data valid shall dis-
engage the mode and V/STOLAND shall enter Heading/Roll Angle Hold
mode ., :

3.4.2.1.8 Waypoint Radial Guidance

The pilot shall be able to select guidance and control along a sel-
ected radial to a computer—-generated waypoint. To accomplish the
guidance and control, he shall select a waypoint by means of the
keyboard and a radial by means of the MSP Course Select (CRS) knob.
Depressing the "WPT" pushbutton will cause it to light amber until
capture criteria are met. Thereafter, operation will be the same
as described in 3.4.2.1.7 for navaid radial guidance.

3.4.2.1.9 Land

This mode shall be selected by the MSP "Land" pushbutton. 1If a
valid MODILS or TLS signal is present, the pushbutton shall light
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amber indicating an armed state. When the aircraft is guided to
within the capture range V/STOLAND shall guide and control the air-
craft to smoothly capture and track the glideslope and localizer.

The glideslope and expanded localizer deviation indicator shall dis-
play deviation from the beam. Once the localizer has been captured
the mode shall not be disengaged by selection of any other pushbutton
until the pilot applies overpower force or data valid is lost. If
data valid is lost, V/STOLAND shall automatically enter the Altitude
Hold mode and Heading Hold mode.

3.4.3 Flight Director (F/D)

This configuration shall be defined by selection of only Flight Director
by means of the "FLT DIR" button on the MSP. The control-stick steering
modes shall be activated by the "CSS" switch if desired by the pilot.

In normal operation, the pilot will select automatic flight director
guidance to one of the modes described in 3.4.3.1.

3.4.3.1 Flight Director Operation

The flight director modes described herein shall provide guidance
commands to the pilot derived from flight director analytical laws.
Command presentation shall not require uncoordinated controls,
abrupt control deflections, control beyond safe operating condi-
tions, or response time less than that for good human engineering
practice. When both the Flight Director and Autopilot functions
have been selected, the Flight Director commands shall provide a
means of monitoring the autopilot operation.

When the flight director modes are used individually, operation
of the MSP slew switches in conjunction with the assocliated MSP
"Hold" and "Select" buttons shall be the same as for the autopilot
modes (Section 3.4.2.1). The MSP displays shall remain at the
readings extant at Initiation of Flight Director operation, wntil
changed, and shall not flicker or change without pilot action.
The MSP display windows shall continue to display the selected
value of the function, even if the pilot deviates from that value,
until the pilot actuates the button off. For all modes, a second
actuation of the button shall turn the mode off. The mode inter-
locks shall be defined such that only a single mode shall control
- operation of each separate flight director indicator. Initial
selection of Flight Director shall automatically activate the
Heading Hold mode at the existing setting. Heading Hold shall
remain on until superseded or turned off by pilot selection.

3.4,3.1.1 Heading Modes
Same as 3.4.2.1.2 except-that the Flight Director vertical com-

mand bar shall display guidance information to a selected heading
reference. :
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3.4.3.1.2 Indicated Airspeed Modes

Same as paragraph 3.4.2.1.4 except that the guidance information
to the selected IAS shall be presented by means of the Flight
Director horizontal command bar.

3,4.3.1.3 Flight Path Angle Modes

Same as paragraph 3.4.2.1.5 except that the guldance information
to the selected flight path angle shall be presented by means of
the Flight Director co! lective command display.

3.4.3.1.4 Altitude Modes

Same as paragraph 3.4.2.1.6 except that the guidance information
to the selected altitude shall be presented by means of the Flight
Director collective command display.

3.4.3.1.5 HNavald Radial Guidance

Same as paragraph 3.4.2.1.7 except that the Flight Director
vertical command bar will be utilized to guide the pilot to and
along a radial selected by means of the "Course" slew switch.

3.4.3.1.6 Waypoint Radial Guidance

Same as paragraph 3.4.2.1.8 except that guidance informatidn is
presented on the Flight Director vertical command bar.

3.4,3.1.7 Land

3.4.4

Same as paragraph 3.4.2.1.9 except that loss of valid data shall
result in GS flag appearing and expanded localizer display is
biased out of view.

Manual

This configuration shall provide data on the V/STOLAND displays which
is typical of that available from simple, economical avionics systems.
When no other configurations have been selected, V/STOLAND shall be
in manual mode.

The pilot shall use the MSP heading and course slew switches to control
the HSI settings. He shall be able to select a navaid (TACAN, VOR, or
LAND) by means of the Mode Select Fanel selector switches and obtain
deviation information on the appropriate ADI and HSI indicators. Opera-
tion of the navaid buttons and button lights shall be the same as for
Auto and F/D. The pilot shall tune navaids manually.

While V/STOLAND is operating in Auto or F/D, actuation of the V/STOLAND
internal monitors, pilot cutout switches or pilot force takeover shall

cause V/STOLAND to revert to manual configuration, but navaid selections
shall not change as a result of such action. If CSS modes (Section 3.4.
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have been selected, they shall go off only in the event that a fault is
detected in CSS-associated portions of the system or if the pilot cutout
switches are actuated.

3.4.5 Control Stick Steering (CSS) Mode

The CSS mode shall be automatically engaged by setting the Mode Select
Panel switch to "CSS”. The control stick force sensor is described in
Section 3.6.5.4. Actuation of the cutout switch shall disengage the
€SS mode. The Contractor, in the delivered software program, ghall
insure that the CSS mode will initially be selected by the CSS switch.
When CSS is operating, the manual Trim switch on the. pilot’'s control
wheel shall not operate aircraft trim controls. This inhibit shall be -
under software control.

3.4.5.1 CSS Modes

One longitudinal and one lateral mode shall be defined and programmed
by the contractor. Design of the modes shall emphasize good handling

qualities. These modes ghall be selected by placing the MSP switch in
llcssll R

3.4.5.1.1 Pitch Attitude Command

The pitch attitude command mode shall allow the plilot to command
pitch attitude in proportion to cyclic pitch control stick force.
Upon release of the force, pitch attitude shall return to the pre-
vious value. The characteristic of pitch attitude versus stick
force shall be preset and shall be adjustable in flight through
the pilots' keyboard.

3.4.5.1.2 Roll Attitude Command

The roll attitude command mode shall allow the pilot to command
roll attitude in propertion to cyclic roll control stick force.
Upon release of the force, the aircraft shall roll to level and
hold heading. The characteristic of roll attitude versus stick
force shall be preset and shall be adjustable in flight through

the pilots' keyboard. Turn coordination shall be provided when
IAS is greater than 30 knots, )

3.4.5.1.3 Altitude Rate Command

The altitude rate command mode shall allow the pilot to command
altitude rate in proportion to collective control stick position.

3.4.5.1.4 Yaw Rate/Heading Hold

This mode shall allow the pilot to command yaw rate in proportion

to rudder pedal force. With no pedal force applied, Heading Hold
mode shall be engaged.
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3.4.6 Calibration/Checkout

The Calibration/Checkout configuration shall allow V/STOLAND to be
calibrated and checked out while the aircraft is on the ground.

Ground support equipment (GSE) shall be used to assess the readiness

of V/STOLAND for flight operations. This configuration is engaged

by depressing the guarded "Preflight Test" pushbutton on the Status
Panel. The preflight test program normally is located in the Research
computer, but can be displaced prior to flight by the Research computer
airborne program if the core is required.

3.4.7 Research

This configuration is engaged, provided proper pre-conditions have been
met, by depressing the '"RES MODE" pushbutton on the MFD Control Panel.
Mode engagement shall be indicated by green illumination of the push-
button.

This configuration puts the Research computer software in control of
gselected portions of the system. Portions of the Basic computer soft-
ware will also be used as required by the particular experiment being
performed.

3.5 Software

The contractor shall provide software for the Basic general-purpose digital
computer described in Section 3.6.3 to contrel all functions except those
which are specifically identified as hardware functions elsewhere herein.
Software shall be modular so that navigation, guidance, control, input/
output and other modules and sub-modules may be individually changed
without affecting other modules and without redesign of the executive.

Hardware and software design shall provide computation cycles which can
call software routines 1, 2, 10, 20, and 40 times per second. These
cycles shall be controlled by the clock reference described in Sec-
tion 3.6.3.1.

Software design, including program language, shall be described by the
contractor in sufficient detail to enable the government to prepare,
check out and use their own software in V/STOLAND (Section 3.9.1).

A user’'s guide shall be prepared for the Research computer.

The Contractor shall provide preflight test executive, and 1/0 software
for the Research computer which exchanges data between computers 40 times
per second. All input data to the Basic computer under software control
shall be read in 40 times per second.

3,5.1 Executive Routine

An executive routine, which schedules and selects the other routines
and which responds to automatic and pilot interrupts, shall be provided
in the Basic computer. This routine shall be structured to facilitate
use of the Research computer software without requiring revalidation of
the Basic computer software. ‘
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The Basic computer shall perform all of its computations regardless of
whether Research mode is engaged. During Research mode, the Basic com—
puter will accept selected computation results from the Research computer
and use them in place of its own computation results, thus allowing the
desired experiments to be performed.

An executive routine shall alsc be provided in the Research computer
which shall schedule and select the other routines used in the Research
mode.

3.5.2 Havigation

The aircraft state shall be determined in 3 spatial dimensions and
3 velocities to allow performance of navigation to the flight path
described by Section 3.3.3.2.

A data validation routine shall reject navigation data which 1s outside
tolerance limits. Tolerance limits are determined by the 3-sigma value
of the navaid error model; navaid error shall be computed as the dif-
ference between the navaild raw data and the output of the navigation
filters. : '

Air data computations shall be provided for in the software. Wind
vector shall also be computed. The basic navigation strategy shall
use dead reckoning updated by navigation aid data. Filtering of
navaids shall be used to enhance navigation accuracy. Provisions
for automatic tuning of navaids shall not be provided. V/STOLAND
shall normally use single VOR/DME or TACAN for area navigation.
MODILS supplemented by radio and baro altimeters shall be the inputs
for approach and touchdown.

V/STOLAND shall be designed to operate with a minimum scan rate of
MODILS of five (5) per second.

3.5.3 Guidance

The Contrartor shail generate guidance laws for both flight director °
and automatic operation, and the software implementation thereof,

to guide the aircraft along the test flight path defined in

Section 3.3.3.2. Flight path segments shall be generated to enable

the aircraft to capture the flight path in 3 dimensions. Input of

sets of waypoints (up to 5) by the pilot via the keyboard shall

result in calculation by V/STOLAND of a new ground track flight path
jn 3 dimensions. Guidance requirements that require performance
beyond aircraft safe limits shall result in warning to the pilot,

and shall be inhibited from providing commands to the aircraft control.

3.5.3.1 Lateral Guidance

Lateral Guidance shall be provided for the reference flight path.
Two alternate methods of lateral guidance shall be provided:

Method A - Shall be with respect to specified 3D flight paths where

the curved paths are specified by start and finish waypoints (x, v,
z) and\radius of curvature.
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Method B - Shall be with respect to specified 3D flight paths defined
by straight line segments connecting waypoints (x, ¥, 2) except
during curved portions connecting the line segment; thege shall be
defined by fixed bank angle turms.

3.5.3.2 Vertical Guidance

Vertical Guidance shall be provided for the reference flight path.
For vertical guidance, with respect to a specified 3D flight path,
the flight path angle shall be defined by:

a. The horizontal radius of curvature

b. The altitude difference between consecutive waypoints
(x, y, 2)

Consecutive waypoints must be defined such that they can be con-

nected by a turn of less than 2 n radians. The only exception to
this statement is that during transition between paths requiring

different flight path angles, the path shall be defined by appro-
priate acceleration constraints.

3.5.3.3 Initialization on Flight Path

V/STOLAND shall be capable of entering a programmed flight path at
any waypoint which is at the beginning of a straight segment. The
segment can have any flight path angle.

To enter the flight path, the pilot shall enter the number designa-
tion of the desired entry waypoint by means of the Keyboard. The
pilot shall then maneuver the aircraft to intercept the backward
extension of the line connecting the entry waypolnt with the suc-
ceeding waypoint. The intercept shall be a distance of no less
than one aircraft turning radius from the entry waypoint, and the
vertical error shall be less than #500 feet. V/STOLAND shall auto-
matically capture the flight path extension, using lateral and
longitudinal mod.s for 3D guidance.

3D guidance will terminate at the point designated "WPTF“ on the flight
path. Upon reaching WPTF, the flight path program will automatically

reset s5¢ that the next initialization would take place at the point
designated by the pilot. Selection of any configuration that requires
3D guidance will automatically initialize the flight path at the point
selected by the pilot by means of the keyboard.

3.5.4 Aircraft Control

The contractor shall generate control laws for the control modes

defined in Section 3.4.2.1 and 3.4.5. The contractor shall provide
software implementation of the control laws. The V/STOLAND software
shall provide,.in the Auto Guidance configuration, for automatic calling
of the appropriate control mode routines, singly or in combination,

to effect guidance of the aircraft along the selected flight path with
minimum error.
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3.5.4.1

3.5.4.2

3.5.5

3.5.6

3.5.7

3.5.7.1

3.5.7.2

Command Limitations

Mode interlocks and limitations shall be provided to prevent acceptance
of conflicting commands or commards which would result in aircraft per-
formance beyond safety limits. Sections 3.4.2 and 3.4.3 describe some

of the required interlocks. Safety - Critical Interlocks shall be pro-

vided in hardware as described in Section 3.6.4. A comprehensive descrip-
tion of the interlocks is presented in the V/STOLAND Technical Supplement

Control Gains

The Contractor shall provide for easy modification of control feadback
gains to facilitate adjustment to use V/STOLAND on other aircraft and
in the event that the primary aircraft control requirements change due
to aircraft modification. In addition, the contractor shall provide
limited adjustment of gain in flight by means of the pilot's keyboard.

Pilot Control Interface

Software shall provide for acceptance, addressing and execution of pilot
commands. Pilot navigation commands shall be in orthogonal coordinates,
referenced to the center of the landing pad.

Data OQutput

Software shall provide for output of the data required for monitor/record
of V/STOLAND performance to the Digital Data Acquisition System.

System Self-Check
Two check routines shall be provided for.
Computer Monitoring

Failure monitoring of the computer shall be achieved by sampling of the
BITE-TEST-IN-PROGRESS (BTIP) discrete signal line in the Servo Inter-
lock Unit (SIU). The computer Imput/Output section shall also be
monitored in the software via comparisons of certain data words that
have been transferred to and from the Data Adapter. If the software
monitor trips, the BTIP line shall be dropped, indicating that the
computer (software) is invalid. :

Preflight System Test

This program shall provide a standard means for verifying system per-
formance within predetermined limits as required by Section 4.5.4.4.
Program input from peripheral equipment (3.6.7) shall be possible,

but the program shall be resident in the Research computer. To the
maximum extent possible, faults shall be isclated to the line-
replaceable unit (LRU) level. The test shall be programmed so that
parts which test simulated equipment can be skipped over by the opera-
tor through use of the "Test Skip" pushbutton on the Status Panel.
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This program can be displaced before flight 1f the core is needed for
the Research computer airborne program.

3.5.8 Verification and Validation

All software routines shall be verified during the systems tests at the
contractor's plant defined in Section 4.5. Validation of performance in
ARC simulation will be the acceptance criteria. The programming thus
validated will be used for the flight acceptance test. Validation Criteria
shall be defined by the Contractor in the V/STOLAND Technical Supplement.

3.5.9 Simulation

Simulator software shall be identical to flight software except for
inclusion of program stop-start subroutines to allow "holding” th simula-
tion without disrupting program sequence and shall provide for operation
independent of the NASA simulation computer. Software to be validated
shall be identical to the flight software.

3.6 V/STOLAND Hardware

3.6.1 Systenm

The requirements specified in this section apply to V/STOLAND, including GFE.
The functional relationships of V/STOLAND are shown in Figure 3.3. The
requirements are applicable to all configurations defined in Section 3.4
unless noted otherwise. It is anticipated that the MFD Contrel Panel,

Mode Select Panel, Keyboard, and Status Panel that were designed for

STOLAND can be applied directly to V/STOLAND with either no changes or

minor changes with respect to circuitry and physical layout.

3.6.1.1 Pilot Control

In automatic or CSS operation, either the research pllot or the safety
pllot shall have the capability to overpower the V/STOLAND control and
shall have the capability of disconnecting the V/STOLAND control via
the control stick cutout switches or the Auto switch (all shall be
hardware provisions). In addition, the computer interlock and monitor
routine shall disceonnect V/STOLAND servos when the pilot force exceeds
a threshold to be established by agreement between the contractor and
the Government. The threshold level for each axis shall be identified
in the Aircraft Interface Document (Section 3.9.5).

3.6.1.2 Flight Safety

No single failure of V/STOLAND shall result in an unsafe condition or
unsafe maneuver of the aircraft. 1In the automatlie configurations,
controls shall be automatically trimmed as necessary to prevent
requirements of large pilot forces in the event of emergency cutout
of V/STOLAND. In addition, aircraft failures shall not interact with
V/STOLAND to cause an unsafe condition or maneuver which would not
otherwise have occurred.
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3.6.1.3 Emergency Conditions

V/STOLAND shall not be required to compensate for aircraft malfunc-
tions or emergencies, except as required by Section 3.6.1.2.

3.6.1.4 Maintainability

The contractor shall assure that V/STOLAND and its components can be
maintained with a minimum of down time. Modularization of parts or
components shall be used. Replaceable parts shall be mounted and
connected in a reliable manner. Maintainability requirements are
given in NASA Document NHB5300.4(lA). Maintenance requirements
shall be given in the Maintenance Plan required by the contract.

3.6.1.5 Equipment Lifetime

The V/STOLAND equipment shall be designed for a minimum lifetime after
delivery of two vears, and shall be protected against corroslon, humid-
ity, temperature and handling commensurate with that period.

3.6.1.6 Opefating Time

The V/STOLAND equipment shall be designed for a mi nimum operating time,
without line-replaceable unit replacement or scheduled maintenance, of
2,000 hours during the two-year lifetime required by Section 3.6.1.5,

3.6.1.7 Electromagnetic Interference (EMI)

The V/STOLAND shall be designed to meec the requirements of, and EMI
limits provided by, MIL-STD-461A, V/STOLAND equipment shall be gen-
erally classified ID per MIL-STD-461A unless otherwise agreed upon.
Specific requirements for the grounding, bonding and interconnection
of components which shall apply to the V/STOLAND design are contained
in Appendix 7.3 of Specification A-16851., AFSC DH 1-4 shall be used
as a reference source of design and analytical techniques. Equipment
used in V/STOLAND, for which documented evidence of conformance to
MIL-STD-461A limits are provided to NASA-Ames, need not be redesigned.
No EMI testing is required for V/STOLAND, but any malfunction, incor-
rect data display or guidance error outside specified limits due to
radiated or conducted interference or to static charge buildup in the
aircraft shall constitute unacceptable performance. The digital com-
puter shall be especially protected against EMI. Program scrambling

or extraneous outputs as a result of EMI shall be unacceptable. (See
Section 4.5.1.5 for aircraft-created EMI environment.) The contractor
shall assist the Government until completion of flight acceptance test
"in determining the source of malfunctions. The Government will be
responsible for elimination of EMI generated by the aircraft above the
levels specified herein.

3.6.1.8 Electrical Grounding

Electrical grouunding shall meet the requirements of both Sections 3.6.1.6
and 4.3.
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3.6.1.9 Electrical Connector Caps

All unmated electrical connectors shall be fitted with protective caps
designed to protect the pins from damage or dirt and to protect per-
sonnel from electrical shock.

3.6.1,10 Surface Coatings

All exposed surfaces of the equipment shall be painted or coated with
protective finishes. Such coatings shall not.flake or peel under nor-
mal use. Cockpit equipment shall have nonreflective finishes.

3.6.1.11 Moisture Protection

Equipment shall not malfunction when exposed to the humidity environ-—
ments given in Section 4.5.1. Hermetic sealing of component cases
shall not be employed unless the sealed component cases can be demon-
strated to maintain the seal under crushing and burst pressures of 2.0
times the maximum/minimum pressures given in Section 4.5.1 and unless
maintainability is not compromised.

3.6.1.12 Peripheral/Ground Support Equipment

Failure or short circuit of checkout, peripheral or ground support
equipment shall not cause damage to V/STOLAND. Peripheral equipment
which is connected to V/STOLAND in flight shall meet the same safety
and reliability requirements as STOLAND.

3.6.1.13 Size and Packaging

Packaging of V/STOLAND and its components shall be planned for easy
maintenance. The size, shape, and location of V/STOLAND and its cable
connections shall be rigldly controlled as part of the Aircraft Inter-
face (Section 3.9.5). The total volume of the airborne V/STOLAND,
including GFE navaids, shall not exceed 120 cubic feet and the maximum
dimensions of each of two airborne pallets shall not exceed 48 inches
high, 32 inches deep, and 56 inches wide. Location of the controls
and displays shall be identified in the Aircraft Interface Document.
V/STOLAND, except for pilot controls, displays, control servos, gyros,
and accelerometers shall be installed in 2 self-contained pallets, which
shall include cooling air as required. The LTN-51 INV, accelerometers,
and rate gyro assemblies shall be mounted on a separate rack (3.6.2).
Dimensions of the inertial sensor rack shall not exceed 15" width,

25" length, and 24" height. Nonflight V/STOLAND shall be mounted in a
rack for convenience.

3.6.1.14 Weight

The maximum weight of the total airborne V/STOLAND and peripheral
equipment including mounting brackets and government-furnished equip-
ment, shall not exceed 1400 pounds. Center of gravity and mass distri-
butions (moments of inertia) shall be controlled in the Afircraft Inter-
face {Section 3.9.5). The actual mass of each component and the running
weights of cables shall be accounted for and included in the Aircraft
Interface Document. The Government will provide the weights of GFE.
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3.6.1.15 Power

The power requirements for V/STOLAND equipment including GFE navaids
shall be defined. The government will provide the power requirements
for GFE. The power interface shall be controlled as part of the Air-
craft Interface defined by Section 3.9.5, and definition of the air-
craft power available will be provided therein. :

3.6.1.16 Vibration Isolatiom

The contractor may elect to include vibration isclation to meet the
environments specified in Section 4.5.1. Such isolation shall be
included in the package or pallet.

3.6.2 Sensors and Navigation Aids

All inputs to V/STOLAND not specifically mentioned hereunder shall be
obtained from government-furnished equipment (Section 3.8). The inter-
faces with V/STOLAND will be described in the Navigation Alds Interface
Document (Section 3.9.3) or in the Aircraft Interface Document (Sec-
tion 3.9.5) as appropriate.

The government shall provide mounting brackets for air data sensors, and

a "platform" for mounting the inertial sensors. The platform, which shall
be designed by the contractor, shall contain provisions for convenient
alignment of the sensors. The contractor shall install and align the plat-
form in the aircraft.

3.,6.,2.1 Adr Data

True airspeed measurements shall be obtained from a GFE semsor and static
pressure transducer measurements shall be obtained from contractor-
furnished equipment. Interface provisions including location shall be
controlled in the Adircraft Interface Document (Section 3.9.5). The Alr
Data sensors shall meet the requirements given in Table 3.6.2.1.

TABLE 3.6.2.1
AIR DATA SENSOR CHARACTERISTICS

Characteristic Pressuiza;iznsducer Airspeed Transducer
Range ~-100 to 10,000 feet 1 0 - 200 knots TAS
Accuracy *15 feet 1 percent of F.S.
Resolution 0.4 foot at gsea level; -0.1 knot

0.5 foot at 10,000 feet
Response Time 20 milliseconds 100 milliseconds
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Temperature data required for calibration of the static pressure trans-

ducer shall be provided by a asensor integral to the transducer.

Temper-

ature data shall be in analog form and shall be digitized in the data
adapter; temperature calibration shall be performed automatically by the

digital computer program.
3.6.2.2 Stabilization and Control Sensors

3.6.2.2.1 Rate Gyro Assembly

V/STOLAND shall include a pitch rate gyro assembly and a yaw/roll
rate gyro assembly which shall have the following characteristics:

Characteristics Pitch Yaw -
Gain tolerance {-55°C to +71°C), percent 4 x4
Cross—axils sensitivity, deg/sec/deg/sec 0.01 0.01
Scale factor, millivolt/deg/sec ' 250 250
Maximum threshold, deg/sec 0.04 0.04
Resolution, deg/sec 0.04 0.04
Zero offset, deg/sec 0.2 0.2
Linearity, percent full scale | +0.5 to 1/2 scale,
to full scale
Hysteresis, deg/sec 0.06 0.06
max max
Static Balance, deg/sec/g 0.05 0.05
Null (-55°C to +71°C), mV 80 80
Range, deg/sec 40 40

Roll
+4
0.01
250
0.04
0.04

0.2

0.06
max

0.05
80

40

The rate gyros shall have built-in self-test capability consisting of
a Spin Motor rotation detector (SMRD}), and a self~test torquer. The
assembly shall include SMRD decoding, speed detection circuitry and

demodulators for rate gyro signals. The STOLAND Rate Gyro Assemblies

shall function as acceptable spare assemblies.
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3.6,2.2.2 Accelerometer Assembly

V/STOLAND shall include a three-axis. linear accelerometer assembly.
The accelerometer shall be of the closed-loop, pendulous, force-
balance type. The accelerometers ghall have the following
characteristics:

Lateral

Characteristics Normal (lg blas) and Axial
Linear Range, B ~-1.0 to +4.0 1.0
Null Output, mV 30 *80
Scale Factor, volts/g 2 5
Scale Factor Tolerance, 0.25 0.25
percent full scale
Temperature coefficient of +0.02 +0.02
scale factor, percent/degree C
Threshold, g <0.005 <0.005
Hysteresis, percent full scale <0.1 <0.1
Cross Axis Semsitivity, g/g <0.005 _ <0.005

The assembly shall provide self test over the full operating range
to an accuracy of 5 percent. The STOLAND accelerometer assembly
is an acceptable spare assembly.

3.6.2.2.3 Vertical Gyro Assembly

V/STOLAND shall include a GFE vertical Gyro Assembly, Type MD-1.

3.6.2.3 Navigation Sensors

The GFE Navaids will include: Digital VOR Receiver, DME Receiver, _
VOR/DME Controller, TACAN Receiver, TACAN Controller, MODILS Receiver,
MODILS Controller, MRS Interrogator, Radio Altimeter, VHF Nav (for ILS)
Receiver, VHF Nav (for ILS) Controller, INS Inertial Navigation Unit,
INS Interface Unit, INS Control/Display Unit, INS Mode Selector Unit,
and IIS Control Head. Antennas for these navaids will also be GFE on
the aircraft. The contractor shall provide the following: Yaw/Roll Rate
Gyro Assembly, Pitch Rate Gyro Assembly, Accelerometer Assembly, and
Static Pressure Transducer. Interfaces will be controlled in the
Navigation Aids Interface Document (Section 3.9.3), and the Aircraft
Interface Document (3.9.5). The navaid receivers shall be mounted

in the V/STOLAND pallet except as agreed to in the Navigation Alds
Interface Document. The contractor shall provide electrxical harness
between the receivers and the Navaid controllers. The contractor shall
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3.6.3

3.6.3.1

3.6.3.2

provide a relay in the power lines to the VOR/DME controller to allow
the pilot to turn receiver power on or off at the controller. Controller
and antenna mounting shall be the contractor's responsibility.

Computer and Data Adapter

V/STOLAND shall include two (2) general-purpose alrborne digital com-
puters, each with 16,384 words of 18-bit memory. One computer shall

be designated the Research Computer, and shall be programmed by the
government except for preflight test, executive, and I/0 routines, which
shall be provided by the contractor.

The other computer, called the Basic computer, shall be programmed
by the contractor to provide the following functions:

Data interchange with Research computer.

Basic autopilot, attitude stabilization, and maneuvering control law
computations.

Mode interlocks.

Navigation and state estimation computations including use of various
Sensors. '

Display computations including MFD displays.

Air data computations.

Data logging including in-flight parameter monitoring.
Failure detection, status monitoring, and fault isolatiom.
Miscellaneous flight management funcéions.

Digital Central Processing Unit

Details of the central processing unit are described in the Equipment
Specification for 18198 Digital Computer, Sperry Specification X4019719.

Data Adapter

The data adapter shall provide all necessary controls and signal con-
ditioning for information transfers to/from the digital computer. It
includes signal conditioning circuitry to process the airborne sensor
signal inputs and control outputs to the V/STOLAKD system. The data
adapter includes the necessary circuitry to accomplish multiplexed
analog-to—~digital input conversiomns, digital-to-analog output conver-—
sions, and digital-to-digital input and outpal conversions. The digital
data adapter shall provide the following basic capabilities and growth
provisions.
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3.6.3.2.1

3.6.3.2.2

3.6.3.2.3

3.6.3.2.4

3.6.3.2.5

Analog-To-Digital Converter

A 12-bit successive approximation-type converter shall be used with
an accuracy of #0.l1 percent of full scale (£10 volts) and a through-
put rate of 250 microseconds/word including computer input time.
Value of least significant bit is 5 millivolts.

Discretes

Input capability for 96 +15-volt discretes and 32 +28—volt discretes
shall be provided. Provisions shall be made for two additional cards,
each capable of handling either 8 +28-volt discretes or 48 +15-volt
discretes. Output capability for 80 discretes shall be provided.
Analog Inputs

Input capability for 58 analog signals shall be provided with expan-
sion provisions for an additional 16.

Analog Outputs

Output capability for 12 analog signals shall be provided with expan-
sion provisions for an additional three. Analog outputs shall be pro-
duced by digital-to—analog converters with a resolution of 9 bits
plus sign (least significant bit is 20 millivolts), and an accuracy
of #0.25 percent of full scale (*10 volts).

Digital Input

Digital input shall include the following interfaces:

Name Input Type
LTN~31 Interface 32 bit serial
TACAN Receiver 28 bit serial
F/D Converter Static Pressure Sensor

Audio Frequency

DME 32 bit serial
MODILS (DME) 32 bit serial
MODILS (Elevation 27 bit parallel

and Azimuth)
TCG ‘ 32 bit parallel

18198/1819B Interface 18 bit parallel plus
control lines
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3.6.3.2,6 Digital Output

Two serial digital transmitters shall be provided; bit rate of
each shall be 50 kHz.

3.6.3.2.7 Data Acquisition System Interface

A 16-bit parallel interface shall be provided for the transfer of
data to the data acquisition system. The contractor shall determine
the rates of data output. The data to be output shall be identified
in the Data Acquisition Interface Document.

3.6.3.3 Digital Program Loading and Troubleshooting

3.6.4

3.6.4.1

The digital computation function shall be designed to ease program
debugging and troubleshooting by structuring the software to be highly
modular via maximum utilization of subroutines.

Software programming aids, which include general utility type routines
as well as operational program debugging aids, shall be provided. The
routines shall be provided in fixed-point single and double precision.

Aircraft Flight Control Servos

The V/STOLAND aircraft control system shall interface the digital com-
puter data adapter to the aireraft controls for the automatic configura-
tions (Section 3.4) and for CSS mode operation. The pilots shall be aware,
through movement of their controls, of V/STOLAND operation to contrel the
aircraft flight path. V/STOLAND operations to augment aircraft stability
or to implement CSS modes shall not cause objectionable motion of the
research pilot's controls.

The contractor shall provide all parallel trim actuators, hydraulic
filters, collective bungee assemblies and switch kits, all LVDT position
sensors, the control stick force sensor for pitch and roll, the pedal
force sensor and all mounting brackets required to support these items.

The government shall supply all series actuators and solenoid valves.

The contractor shall be responsible for installing all actuators and
associated equipment in the aircraft.

Serve Interlock Unit (SIU)

The SIU shall contain the servo valve amplifiers, power supplies and
interlock circuits for the electrical-to-mechanical interfaces for the
controls listed herein and for interfaces as required to existing air-
craft actuators.

Power to the servo solenoids shall be provided through the SIU; the
solenoids shall receive power only when the SIU receives a "valid" sig-
nal from the data adapter and’ a signal which confirms operation of
self~check routines.
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3.6.4.2

3.6.4.3

3.6.4,4

3.6.4.5

3.6.4,6

Pitch Cyclic, Roll Cyclic, Directional, Collective Pitch

Pitch cyeclic, roll cyelic, directional and collective pitch shall be
driven by electrohydraulic actuators which shall have sufficient power
to perform the required aircraft control movements at the required rates.
Each actuator shall be supplied with a solenoid-actuated center lock
mechanism which converts the actuator to a rigid link to allow rapid
engagement and disengagement of servo control forces.

Pitch Cyclic Trim, Roll Cyclic Trim, Directional Trim, Collective
Pitch Trim :

Pitch cyclic trim, roll cyclic trim, directional trim, and collective
pitch trim shall be driven by electromechanical actuators which shall
have sufficient power to trim the above aircraft controls. Addition-
ally, the actuators shall have an electromagnetic brake to provide
manual trim.

Collective Bungee Preload Spring

A collective bungee preload spring shall be supplied to allow the
collective trim inputs to be mechanically summed with manual inputs
such that manual override forces are at acceptable levels. An elec-
trical switch mechanism shall be supplied to sense a breakout of the
bungee,

Bungee Switch Kit

A bungee switch kit shall be provided for piteh cyeclie, roll eyclice
and directional bungees to sense bungee breakout.

Position Sensors
LVDT position sensors shall be provided by the contractor to sense the

position of the cyclic and directional trim servo outputs and the research
pilot's collective stick position.

3.6.,5 Pilot Controls

The contractor shall define the most desirable locations for V/STOLAND

controls within convenient reach on the research pilot's (left-hand) side
of the aircraft cockpit. Installation and connection of the controls

shall be performed by the contractor. Final location of the controls,
which may be different from the contractor's recommended location, will
be defined in the Alrcraft Interface Document (Section 3.9.5). Con-

trol configurations and the recommended cockpit layout shall be planned

and designed to minimize pilot workload in the manual configurations.

3.6.5.1

Mode Select Panel (MSP)

The MSP shall provide capability for the pilot to select V/STOLAND
configuration, navigation data source, flight director and autopilot
modes, and mode reference values. The MSP layout shall be as shown
in Figure 3.6.5.1. Pushbuttons shall be of the momentary contact
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3.6‘5'1‘1

3.6.5.1.2

type, shall be lighted, and the backlighted labels shall be easily
changed. Button lamps and displays shall have sufficient brightness
to have good legibility under ambient light conditions. Button lamps
shall be replaceable from the front of the panel. The display lamps
shall be replaceable by removal of the front panel.

The V/STOLARD MSP may be physically and electrically replaced by the
STOLAND MSP (ref. Specification A-16851), except that the following
V/STOLAND functions will be lost:

s Switch legends in many cases will be improper (although push-
button caps could be exchanged with V/STOLAND panel);

e Panel engraving for solenoid-held switches will be incorrect;

® Two-color illumination of navigation source pushbuttons will
not be available. :

MSP bisplay

The MSP display shall define the reference values for the flight
director and autopilot modes. The display shall consist of seg-
mented incandescent numerals and signs. Ranges of the displays

are described in Section 3.6.5.1.2. Indicated Airspeed (IAS) in
knots shall he presented in three digits to the nearest knot.
Flight Path Angle (FPA) in degrees shall be presented by a "+" or
"-" gign and three digits to the nearest 0.5 degree. Altitude (ALT)
in feet shall be presented in four digits to the nearest 100 feet
(last two digits shall be zeros unless changed by means of the key-
board). Heading (HDG) and Course (CRS) in degrees shall be pre-
sented in three digits to the nearest degree. Three NAVAID push-
buttons shall be provided to allow the pllot to select the desired
guidance reference.

Slew Switches

For each of the MSP display windows, a slew switch shall be located
as shown in Figure 3.6.5.1. Each switch shall be fitted with a
9/16-inch diameter by approximately 3/4-inch-high splined knob.

The pilot shall be able to increase or decrease the mode reference
values shown in the MSP windows by turning the knob cleockwise for
increase and counterclockwise for decrease. As noted below, some

of the switches shall select low and high rates of change. The
deflection required for high rate shall be %70 degrees or less.

The deflection required for low rate shall be approximately 1/2 that
of the high rate, and a detent shall enable the pilot to readily
sense the switeh position. The switches shall be spring-loaded to
return to center (zero rate of change). Torque required to operate
the switch shall be 1.6 inch-pound or less. The ranges and rates of
operation of the slew switches shall be as described hereafter. Ref-
erence values beyond these figures and immediate changes shall be
achieved by means of the keyboard.
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Function Range Low Rate - Increment High Rate - Increment

IAS 000 to 120 002/sec 001 020/sec Q10%*
FPA 15.0 to ~15.0 00.5/sec 00.57% 02.0/sec 01.0++t
ALT 0000 teo 9500 200/sec 1001+ 500/sec 500%%%
HDG 000 to 359% 002/s8ec 001 020/sec 010%%
CRS 000 to 359% 002/sec 001 020/sec 010%x

*The HDG and CRS slews shall continue (start over) when the limits of range
are reached.

®%Last digit shall go to O at actuatiom.

*%%Shall be rounded to nearest 500 at actuation.
tShall be rounded to nearest 0.5 at actuation.

++Shall be rounded to nearest 100 at actuation.

t+++5hall be rounded to nearest 1.0 at actuation.

The numbers shall not overshoot or dither when the slew switches are released.
The displays shall not flicker during slew.

3.6.5.1.3 MSP Operation

Operation of the MSP shall be described in the V/STOLAND Technical
Supplement.

3.6.5.2 Status Panel and Keyboard

The Status Panel and Keyboard together provide a general purpose
interactive interface to the computer.

3.6.5.2.1 Status Panel

The front face of the Status Panel is shown in Figure 3.6.5.2.1.

It contains 7/STOLAND FAIL, VERIFY/SKIP and Pre-Flight test keys.
It also includes a twelve-character alphanumeric 16-segment incan-
descent status display. The status display shall allow display of
of a keyboard command before the command is executed and readout

of failures, if they occur. The display lamps shall be replaceable
from the front, and shall have sufficient brightness to have good
legibility under ambient light conditions,

The V/STOLAND Status Panel shall be physically and electrically inter-
changeable with its STOLAND counterpart, with the following exceptions

# Different pushbutton switch legends.

e STOLAND Status Panel is not configured to drive amber lights in
MFD Control Panel.
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3.6.5.2.2 Keyboard

The Keyboard (Figure 3.6.5.2.2) shall be identical to the STOLAND
Keyboard. Commands and reference settings generated by the keyboard
shall be displayed on the Status Display before and after execution.
Thirty (30) command keys plus letter/number select, "clear”, and
“enter" keys shall be provided. All keys shall be of the momentary
contact type. Software shall allow the operator to alternate "letter"
and "number" selection by depressing the Letter/Number key. The
keyboard shall provide the following functions:

a. Select and enter IaS, flight path angle, altitude, course, and
heading reference values on MSP display. '

b. Select and modify navigation and guidance setting values as appro-
priate, for instance, barometer setting and decision height.

c. Change aircraft flight control feedback gains.
d. Change C5S mode ratio of pilot force to control parameter.
e. Modify elements of the flight path, initialize time on flight path.

f. Select experimental autopilot and flight director modes as program-
med by the Government.

g. Select MFD display contents.

The contractor shall provide mnemonic labels for all parameters that
can be called up or changed by the keyboard. The status digplay shall
indicate if an invalid mnemonic is inserted. A typical operation of
the keyboard (the example given is the pilot selection of flight path
angle autopilot mode) shall be as follows:

Selects F, P, R, on Keyboard: Status Display displays
"FPR = (existing value)", letter/no. key automatically
switches to "number" '

Select new value on Keyboard: Status Display displays
"FPR * (new value)"

Selects "Enter" on Keyboard: MSP will display new value
and Status Display will display "FPR - (new value)"

Selection of "FPA SEL" on MSP will control to new value,
as described imn Section 3.4.2.1..

The keyboard keys shall be illuminated sufficiently to assist-the pllot

under dim lighting conditions. The Letter/Number button shall be 1}lumi-
nated so that the active legend is brightly lit.
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3.6.5.2,3 V/STOLAND FAIL, Pre~Flight Test and VERIFY/SKIP Keys

A pushbutton labeled "V/STOLAND FAIL," when lighted, shall indicate
V/STOLAND failure. Pressing the button shall provide an immediate
readout of the fallure or failures.

A guarded pushbutton labeled "Preflight Test" .shall allow initia-
tion of the preflight test routine (Section 3.5.7.2). A third
button shall provide a capability to skip portions of the pre-
flight test and to verify test responses.

Pushbutton lamps shall be replaceable from the front of the panel.
Illumination of the pushbuttons shall be provided in two levels -
low for off and bright green or red (warnings only) for on.

3.6.5.3 Panel Power Supply

3.6.504

A power supply on the V/STOLAND pallet shall provide power to the status
panel, keyboard, MSP, and MFD Control Panel. Provisions for separate
remote sensing lines for each voltage and voltage adjustment in response
to brightness control shall be included. The panel power supply shall be
interchangeable with the STOLAND panel power supply.

Control Stick and Pedal Force Sensors

The research pilot's control stick (cyeclical pitch control) shall include
a four-position trim switch, V/STOLAND cutout switch, microphone switch,
crane winch switch, and a control stick force sensor to allow implementa-
tion of CSS Modes {(Section 3.4.5). The research pilot's pedals shall
inciude a pedal force sensor to implement CSS modes (Section 3.4.5). The
sensors shall be insensitive to asymmetric loads applied by the pilot and
shall have the characteristics given in Table 3.6.5.4. Closures of the
crane winch switch shall be detected by a data adapter discrete input for
use by the Basic computer.

- TABLE 3.6.5.4

PERFORMANCE CHARACTFRISTICS OF THE STICK AND PEDAL FORCE SENSORS

Performance
Characteristic
Control Stick Sensor Pedal Sensor
Excitation *15 vde %15 vde
Maximum Cutput

Pitch *11.75 vdc -

Roll 30,75 vdc -

Yaw - " +10.6 vde
Linearity 10 percent 10 percent
Null Output %0.045 vdc *0,060 vdc
Hysteresis 0.040 vdc 0.040 vde
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TABLE 3.6.5.4 (cont)

PERFORMANCE CHARACTERISTICS OF THE STICK AND PEDAL FORCE SENSORS

3.6.5.5

3.6.5.6

3.6.5.7

3.6.5.8

Performance

Characteristic Control Stick Sensor | Pedal Semsor
Range

Pitch $30 1b -

Roll *25 1b -

Yaw . - *110 1b
Limit Load .

Pitch © 200 1b -

Roll 100 1b -

Yaw _ - 500 1b

Interface between the control stick, the pedal, and the aircraft shall
be described in the Aircraft Interface Document (Section 3.9.5).

Brightness Control

The contractor shall provide individual brightness controls for the MSP
and Status Displays.

Navaid Controllers

Navaid Controllers will be GFE. The contractor shall provide the inter-
connect wiring to the .V/STOLAND pallet.

Emergency Cutout Switches

The contractor shall provide the emergency cutout switches and associated
wire runs and shall be responsible for mounting the cutout switch on the
safety pilot's control stick. The emergency cutout switches shall dis-
engage all V/STOLAND servos. :

Multifunction Display (MFD) Control Panel

The contractor shall provide controls for the MFD on the pilot's instru-
ment panel. These controls shall be located on the MFD Control Panel
(Figure 3.6.5.8). The panel contains a four-way map slew switch and
thirteen lighted legend pushbutton switches. All switch closures are
transmitted to the Basic computer via the Data Adapter. Ten of the
pushbuttons shall have the capability of being lighted amber or green
under software control. Three of the switches shall have legends as shown;
the other ten switches are spares for Research computer use.

. This panel is physically interchangeable with the STOLAND MFD

Control Panel. The latter panel has different front panel
engraving, different pushbutton switch legends, and does not
have the capability for amber lighting of the pushbutton switch
legends (green only).
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3.6.0

3.6.6.1

Pilot Displays

The contractor shall define the most desirable location(s) for V/STOLAND
displays on the research pilot's (left-hand) side of the aircraft cockpit
for each airecraft. The V/STOLAND displays may replace the existing dis-
plays on that side but must leave sufficient room for backup ilnstruments
(to be defined in the Aircraft Interface) and for critical aircraft status
instruments. Final location of the displays, which may be different from
the contractor's recommended location, will be defined in the Aircraft
Interface Document (Section 3.9.5).

The V/STOLAND display shall be designed to display the information that
the research pilot requires to control the aircraft in the manual, Flight
Director and Auto configurations and to monitor the performance and status
and manually back up the Auto Guidance configuration. The displays shall
allow the research pilot to rapidly assess flight situation information

vs command information. One set of display hardware shall be provided for
all V/STOLAND configurations. Changes in the display symbols and format
necessary for the various configurations shall be accomplished when the
pilot changes configurations.

Attitude Director Indicator (ADI)

This primary flight instrument presents an integrated display of alr-
craft pitch and roll attitude, path deviation information and the com-
puted flight director commands necessary to capture and maintain a
desired flight path. The Attitude Director Indicator (AD1) shall be
the vertical situation display. The contractor shall make all provision
possible within the contract to maximize the reliability of the basic
attitude information presented on the ADI. Direct conmnection of the

to the attitude reference (VG) shall be provided. V/STOLAND
failures, unless generated by the ADI, shall not cause loss of ADI
function. The emergency cutout or automatic disconnect shall not shut
off the ADI or the attitude sensors.

On the right upper corner of the ADI a decision height indicator shall
be red lighted when decision height is reached. On the left upper cor-
ner of the ADI a go—around indicator shall be green lighted when go-
around mode is initiated.

As programmed in the digital computer, the ADL shall have the capability
to display some or all of the following information in combinations as
required by the system design, to execute a complete flight plan from
engine start to shutdown. Unless noted, each elenent shall be under
software control. The elements shall appear generally as depicted in
Figure 3.6.6.1, The elements which are under software control shall

be displayed or biased out of view by means of a keyboard request. The
HZ-6F ADI unit shall be provided by the contractor.

In addition to the pitch and roll attitude display, three steering

cues (cyclic pitch, cyclic roll, collective pitch) shall be controlled
by the computer software. Horizontal and vertical deviation indicators
shall be controlled by the computer to display deviations from MODILS
or ILS beams or computed reference flight path.
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3.6.6.2

3.6.6.3

The instrument also includes displays for rate of turn, a rising runway,
and an inclinometer.

Horizontal Situation Indicator {(HSI)

The basic Horizomtal Situation Indicator for all configurations shall
be an electromechanical instrument of the Sperry RD-202 type, with its
associated amplifier and signal conditioner units. Symbols shall be
driven from the data adapter where necessary to allow control by the
V/STOLAND programs. The HSI shall present the following: aircraft
symbol, compass card (headinr~), heading reference, course reference,
to-from indication, course deviation, vertical deviationm, dual digital
distance windows (to nearest 1/10 nautical mile) and dual bearing indi-~
cators. Flags shall appear whenever an indicator does not have valid
data. The HSI face layout shall be as depicted in Figure 3.6.6.2,
except the actual symbols shall be colored to facilitate pllot recogni-
tion. In particular, the tenths digit of the distance windows shall
contrast with the tens and unit digits. This unit shall be interchange-
able with STOLAND HSI. :

Heading and course references shall be changed by means of the MSP HDG
and CRS slew switches or by means of the keyboard. Rate of change
shall be the same as required for the MSP display (Section 3.6.5.1.2).
When the deviation indicators are not receiving data, they shall be
centered. When V/STOLAND is operating on a programmed flight path

the deviation indicators shall automatically show deviation from that
flight path as long as valid data is available.

The glide slope deviation pointer shall display vertical path devia-
tion when MODILS or reference flight path is selected and biased
out-of-view in VOR or TACAN. The lateral deviation bar shall display
deviation from the radial in VOR or TACAN. The number one distance
window and bearing pointer shall operate either on VOR/DME or MODILS,
selectable by a switch on the left of the instrument. The number two
distance window and bearing pointer shall show distance and bearing to
either TACAN or the next waypoint (NWP) of the programmed flight path,
as selected by a switch on the right of the instrument. The contractor
shall ensure by ali means within the contract that the essential heading
information is reliably presented regardless of V/STOLAND operating
condition.

Multifunction Display

A CRT Multifunction Display (MFD) driven by a separate symbol genera-
tor shall be provided. From information provided at least once per
second by the digital computer, the MFD shall have the capability teo
display sets of information as called for by the software program. All
display symbology shall be stroke-written at a maximum rate of 75,000
inches per second. Refresh of the symbology shall be made 50 times

per second. Incremental memory updating, translation, and rotation
shall be made 20 times per second. The symbol generator shall contain
256 words of 32 bits in general memory and 64 words of 32 bits in incre-
mental memory. The MFD Display Unit and Symbol Generator shall be inter-
changeable with their STOLAND counterparts.
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3.6.6.4

3.6.6.5

3.6.6.6

A test switch shall be provided for displaying a test pattern. A
brightness/contrast control shall be provided on the front of the MFD,
The display and symbol generator shall include continuous self-test.

A total alphanumeric capability of 26 letters, ten digits and 26
special symbols (including four different vectors) shall be provided by
the MFD. Three brightness levels shall be available for each symbol.

The MFD shall automatically display the following data presentations in
fixed locations whenever V/STOLAND is operating.

a. Filtered barometric altitude, to nearest foot, in a digital "window"
at upper left of the screen, Baro set shall be changed by means of
the keyboard, but shall not be displayed on the MFD,

b. Real time in hours, minutes and seconds from the DDAS Time Code
Generator (Section 3.6.3.2) in a digital window at upper right of
the screen,

Approximate locations of the windows shall be as shown in Figure 3.6.6.3.

The MFD Content Selection, Overall Map, Terminal Area Map, Flight Path
Display, North-Up Display, Course-Up Display shall be implemented in-
accordance with the description given in NASA/ARC Specification Al6851
(STOLAND) unless modified by mutual agreement between NASA/ARC and the
Contractor. All such modifications shall be describe in the V/STOLAND
Technical Supplement. The priorities for retention if some data must be
omitted to reduce clutter, shall be defined by the Contractor, but shall
be subject to the approval of the Technical Monitor.

The MFD will be used as the primary display in the terminal area and one
of the controls shall be committed to call up displays to be programmed
by the Government.

Failure Warning Display

The master V/STOLAND failure warning display shall be provided on the
Status Panel in the form of a pushbutton switch which lights with
V/STOLAND FAIL and which when depressed, displays on the alphanumeric
readout failure or failures detected by the system. The Status Panel
shall be visible to both pilots. Other warnings shall be presented on
the panel as described in Section 3.6.5.2. ‘

Other Information Display

Additional information shall be available on the Status Panel on éall

by the pilot by means of the keyboard, and shall be identified by the
contractor. '

Warning Indicators

The contractor shall provide two warning lights (one for each pilot) that
flash red in the event of V/STOLAND servo disengage (except pilot-initiat

disconnects). Other warning indicators are described in Sections 3.6.6.1
and 3.60502-
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3.6.7

3.6.7.1

Peripheral Equipment.
Airborne Hardware Simulator (AHS)

The V/STOLAND airborne hardware simulator shall provide navaid and sensor
signals to the V/STOLAND data adapter in the flight format so that the
simulator V/STOLAND data adapter and flight V/STOLAND data adapter are
identical. The EAI 8400 shall provide navaid and sensor information to
the V/STOLAND AHS. The AHS shall also provide for simulation of the
servo interface to the data adapter. The AHS will be GFE, but all neces-
sary modifications shall be performed by the contractor. After modifica-
tion, the AHS will be usabi: for both STOLAND and V/STOLAND.

3.7 Ground Support Equipment (GSE)

GS

mance except the peripheral equipment identified in Section 3.6.7.

E shall include all equipment required for verification of system perfor-
GSE shall

include interface harnesses. Preflight testing, with fault isolaticen to the

1i

ne-replaceable unit, shall be performed using the airborme digital computer;

no GSE shall be required for this test.

3.7.1

3.7.2

307.3

Utilization

GSE shall be fully used during the acceptance testing defined by Section
4.5, and exercised through all of its functional features. Test points
and comnectors shall be designed into the STOLAND to allow the GSE to
perform its functions without demating STOLAND connections. Extra plugs,
comnectors, or cable~bundle "Tees" provided for connection to GSE shall
have suitable circuit protection and shall be fitted with captive covers
to protect against EMI. The contractor shall provide manuals for the
operation and connection of all GSE he provides.

Computer Control Panel

The Contractor shall provide a control unit that interfaces directly with
the computer to allow manual control, programming and diagnostic tests in
the aircraft (on the ground) or in the simulator. This unit shall allow
setting and indicaring the contents of major registers, for setting and
indicating mode and sequence control, for shop maintenance procedures,
and for manual control of the computer.

Automatic Test Equipment (ATE)

The existing STOLAND ATE console at NASA Ames shall be used for complete
ground automatic test and fault isolation to the subassembly level for
all V/STOLAND flight hardware components. Additional programming and
cables shall be provided to test the following V/STOLAND equipment items:

Status Panel

MFD Control Panel

Mode Select Panel

DDAS Instrumentation Unit
Serve Interlock Unit

Data Adapter

Attitude Director Indicator
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3.7.4

Peripherals Contreller

The peripherals controller shall provide the data and control interfaces
between the NASA/ARC furnished peripheral equipment (i.e., paper tape
punch, paper tape reader, line printer, KSR-35 teletype and punch and
reader) and the computer. It shall contain all control loglc to enable
parallel data transfers between the computer and the peripherals.

3.8 Government-~Furnished Equipment and Facilities

The physical and operational irterfaces between the contractor's equipment,
software, and GSE and government equipment, software and facilities shall
be defined and controlled in the interface documents listed in Section 3.9.

3.8.1

3.8.2

3.8.2.1

Equipment Furnished At Contractor's Plant

The following equipment will be provided by the Government at the con-
tractor's plant for interface verification as specified by the contract
schedule. Data manuals and other information will alse be provided for
each equipment item. This equipment shall be returned to the government
with the flight system or upon request. :

GFE Navigation Sensors (Section 3.6.2.3)
Time Code Generator portion of DDAS
Simulator Equipment Rack
Flight Equipment Racks

Nondeliverable Equipment
Alrcraft

One aircraft will be provided, a UH-1 Helicopter manufactured by Bell
Helicopter Company.

3.8.2.2 Ground Facilities

Instrumented range and airport at a location clese to NASA/ARC.

Ground-based navigation and guidance aids including VOR/DME, TACAN,
MODILS, ILS and MRS.

NASA/ARC simulation of the V/STOLAND Flight Research System,

3.9 Interfaces Between Contractor-Furnished Equipment and Government-Furnished

Equipment and Facilities

The interface documents defined herein shall be defined and controlled by
ggreement between NASA/ARC, representing all Govermment agencies, and the

ca

ntractor in the manner required by the contract. For each interface

document defined herein, a cover document will be prepared by NASA/ARC to

id

entify the latest versions of the individual documents that describe the

interface. The Contractor shall provide all of the Interface Documents and

submit them in accordance with the schedule in the Statement of Work.
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3.9.1 Software

This document shall provide an overview of the airborne software program
in the Basic computer and applicable portions of the Research computer,
and shall include a tabulation of core and time usage by function, loading
procedures, change procedures, and software control.

3.9.2 Airport and Range Instrumentation

This interface document will be maintained by the contractor to define the
airport facility and the rang= instrumentation to be provided. It will
consist of sketches and specifications as appropriate.

3.9.2.1 Content
The information to be controlled will consist of:

Airport location

Airport elevation

Ground-based tracking accuracies versus range and altitude

Detailed map locating features that are to be depicted in the
MFD map (Section 3.6.6.3)

Location of navigation and guidance aids in relation to runway
touchdown point '

Facilities available at airport

Airborne photography accuracy

Time base for measurements

3.,9.3 Navigation Aids

The contractor will be responsible for defining this interface. The inter-
face will consist of drawings, specifications, and written descriptions.

3.9.3.1 Content
This interface will control:

Division of responsibilities for interface with GFE Navaids

Navigation aid operation and precision (error models)

Receiver ocutput characteristics including frequencies,
coding, amplitudes, rise times, and accuracies

Physical interface including plugs/connector types, pin
assignments, mounting '

Aircraft attitude limitations and antenna patterns

3.9.4 Data Acquisition

The Data Acquisition Interface document shall consist of drawings,
schematics, wiring diagrams, tables and specifications. Both contractor
and Govermment inputs will be required. NASA/ARC will provide necessary
information to the contractor for this document as specifically requested
in writing.

45



3.9.4.1 Content

The information to be controlléd shall include:

Locations of sensors

Range of sensors

Accuracy of sensors including a calibration curve for
each sensor

Type of sensor and range or set point

Channel assignments

Pin assignments

Plug/connector physical interface

Recorder channel assignments

Frequency and tolerance

Impedance matching requirements

Data sample rates

Timing pulse definitio

Data formats —

Data sample rates

Digital Data Acquisition System description

Computation requirements and agency responsibilities

3.9.5 Aircraft

An Aircraft Interface Document shall be provided for the UH-1 Helicopter.
This document shall consist of drawings, schematics, wiring tables and
specifications as appropriate. Both contractor and Government inputs
will be required, and NASA/ARC will provide necessary information to the
Contractor as specifically requested in writing.

3.9.5.1 Content
The information to be controlled shall include:

Location of components and flight rack, mounting requirements
Size of components (non-rack-mounted)
Wire routings
Electrical interfaces with aireraft equipment
Interface connections (wire bundles), type and location
Mass distributions
Connector pin assignments
Servos—aircraft mechanical interface
V/STOLAND-GFE servos interface
Adrcraft performance
Aircraft control laws
Locations of controls and displays
Maximum forces required to operate V/STOLAND
Force levels for automatic servo disconnect and for pilot

override of servos
Definition of emergency condition indications

" Power
Voltages
Current limits
Tolerances
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Voltage variations versus load
Voltage/current spikes and transients
Power utilization profile

Alrcraft maneuvering load limits, unsafe maneuver definition
GFE Magnetic heading sensor characteristices

3.9.6 Laboratory Simulation

The Laboratory Simulation Interface Document shall consist of drawings,
schematics, wiring diagrams, tables and specifications as required. Both
Contractor and Government irn-uts shall be required. (See STOLAND MQP
Document Section XI.F). NASA/ARC will provide necessary information to
the Contractor for this document as specifically requested in writing.

3.9.6.1 Content

The information to be controlled shall include:

Simulator Cockpit

Mounting provisions
Electrical requirements
Interconnect cable lengths

Simulation Computer (EAI 8400)

Aircraft dynamic characteristics

Data formats

Program listing

Interconnect cable lengths

Connector configuration, pin assignments
Sensor simulation characteristics

3.9.6.2 NASA/ARC Simulation

The laboratory simulation will be installed in a UH-lA cab at NASA/ARC
and this simulation is defined as the NASA/ARC simulation. For this
simulation the Contractor shall define and justify the criteria required
to verify and checkout the V/STOLAND hardware, software and flight pro-
cedures hy simulation. This definition shall include the simulation
Math Model, Simulator requirements to be defined specifically shall

include:

(1) Simulated hardware and the technique utilized.

(2) NASA/ARC Simulator to be used (EAI 8400)

(3) Frequency range to be simulated including a discussion of
rotor dynamics if they are required.

(4) Data necessary for simulation implementation.

(5) Acceptance criteria and accuracies.

3.9.7 Inertial Navigation System (INS)

The INS Interface Document shall consist of drawings schematics, wiring
diagrams and specification for the Litton-51 Inertial Navigation System.
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Both contractor and Government inputs shall be required. NASA/ARC will
provide necessary information to the Contractor for this document as
specifically requested in writing.

3.9.7.1 Content
The infermation to be controlled shall include:
Electrical characteristices
Characteristics of information available from INS
Information request form V/STOLAND

Data adapter information handling provisions.

4.0 PERFORMANCE ASSURANCE

4,1 Reliability

The contractor shall implement a reliability program that will assure meeting
the V/STOLAND safety requirements and provide an operable research system.
The provisions of NHB 5300.4 (lA) "Reliability Program Provisions for Aero-
nautical and Space System Contractors' shall be satisfied except for the
following sections which shall be deleted:

Section/Subsection Title
1A201-2e Reliability Program Plan
1A201-3 , Separate Site Plans
1A202 Reliability Program Control
1A203 Reliability Progress Reporting
1A204 Reliability Training
1A305-2 Design Reviews by Suppliers
1A307 Standardization of Design Practices
1A308 Parts, Devices and Materials Program
Chapter 4 Testing and Reliability Evaluation

The contractor's reliability program shall also satisfy the special require-
ments given hereunde..

4.1.1 Reliability Program Plan

The Reliability Program Plan (RPP) required by Section 1A201 of NHB 5300.4
(1A) shall consist of the RPP prepared and maintained for STOLAND, as
modified by V/STOLAND Reliability Program Plan Supplement. The Supplement
shall reflect those areas of the V/STOLAND program which differ from STOLAND
either because of hardware additions or modifications, or because of pro-
cedural considerations. As a minimum, the following program elements will
require redefinition and discussion in the Supplement:

a. Design Reviews — discussion of the design reviews shall include
the Preliminary, Final, Software and Flight Readiness Reviews,
and shall reflect the emphasis to be placed on servo and servo
moniter implementation, as well as coverage of review of the
software package.
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Failure Mode and Reliability Analyses - the coverage and the
timing of the Fallure Mode and Effects Analysis (FMEA) and the
Reliability Analyses shall be described in the RPP Supplement,
as provided by the contract.

4.,1.2 Design Review Program

The contractor is encouraged to use the guidelines contained in NASA
document SP 6502 “Elements of Design Review for Space Systems' in the
development of his design review program in addition to those of

KHB 5300.4 (la).

4,1,2,1 Hardware Design Review

b,1.2.2

Design review meetings shall be conducted, as required by the contract,
at the component and system levels for flight, simulation and ground
equipment (GSE). The contractor shall notify the NASA Technical Repre-
sentative of the schedule date, time, and location of the Design Review
at least ten working days prior to the review. At the time of the noti-
fication, the contractor shall provide an agenda and sufficient descrip-
tive information to enable NASA to evaluate the proposed design. The
contractor shall prepare and submit to NASA a written report of the
review within fifteen working days after the review meeting and shall
include a listing of participants,- actions to date, and any other
pertinent data. The following subjects shall be discussed:

(1) System or component performance

{2) Environmental criteria (including EMI)

{3) Interface definitions (functional and physical)

{4} Acceptance criteria

(5) Top drawings and schematics

{6) Test specifications or procedures

{7} Safety and reliability analyses, including Failure Mode, Effects,
and Criticality Analysis

(8) GSE (Ground Support Equipment) and facilities requirements

(9) Design criteria

Software Design Review

A Software Design Review shall be conducted, as required by the contract,
to demonstrate the effective inplementation of all software modules
peculiar to the V/STOLAND system, and their integration with the exist-~
ing STOLAND software modules which are to be used. For all new or
modified software modules, the following items shall be covered at

the review:

(1) Modularity of the software elements
(2) Memory and cycle time requirements
(3) Honitoring and self-check features
(4) Mode interlocks and limitations

{5) Ranges of variable parameters

{6) Documentation
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4.1.2.3 Flight Readiness Review

A Flight Readiness Review shall be conducted prior to commencing first
flight testing. Data required for the Flight Readiness Review shall
include a comprehensive summary of all nonconformances that have occurred
since the last design review, the significance of each nonconformance to
the V/STOLAND performance, and actions taken or in progress to prevent
recurrence.

4,1.2,4 Airworthiness and Flight Safety Review

4,1,3

During the program, the contractor shall support reviews requested by
the Airworthiness and Flight Safety Review Board (AFSRB) as directed by
the NASA Technical Monitor. Up to three such reviews may be required,
and they will normally be held separate from other design reviews, at
the discretion of the AFSRB. Notification of time, and degree of parti-
cipation required, shall be made to the contractor such that adequate
time K is available for necessary preparations.

Nonconformance Reporting and Corrective Action

The contractor's nonconformance reporting and corrective action system
shall satisfy the requirements of NHB 5300.4 (lA), Paragraph 1A306, as
amended by the requirements of Paragraph 4.1.3 of this specification.

For the purpose of this specification, the term "Nonconformance", as
defined in NHB 5300.4 (lA), Appendix C, shall apply.

4,1,3.1 Notification of Major Nonconformance

4.1.3.2

The contractor shall notify the NASA-Ames Technical Monitor by wire or
TWX within one working day of the occurrence of any major nonconformance.
A major nonconformance is defined as one which indicates a basic func~
tional design deficiency, exhibits characteristics that necessitate

major rework that could have an impact on established schedules, pertains
to flight hardware which has been subjected to overstress conditions

(elther physicali, or functionally), or creates a critical or catas—
trophic safety hazard.

Telegraphic notification shall include, as a minimum, the information
required by Paragraph 1B801 of NHB 5300.4 (1B) and an indication of
prebable impact on scheduled events or milestones.

It shall be the responsibility of the contractor to determine whether
nonconformances are major.

Initial Nonconformance Documentation Submittal.
Nonconformance documentation equivalent to that specified in 1B801 of NHB
5300.4 (1B), including the date of nonconformance for all nonconformances

of system, subsystems, components, or parts, shall be submitted to the
NASA-Ames Technical Monitor within five working days of occurrence for
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4,1.3.3

each nonconformance. This nonconformance documentation shall be required
for the following nonconformance categories at the serialized LRU level
commencing with the system static acceptance test:

(1) Any part replacement, even though the disposition is given as
"Rework",

{2) All incidents requiring repair actions.

(3) All rework actions except those for cosmetic purposes only,
which do not affect form, fit, function, reliability or safety.

(4) All items resulting in a "Return to Vendor" disposition.

(5) Any nonconformances resulting from out-of-control manufacturing
processes, even cosmetic problems, which require an investigation
of the process parameters involved.

Reports shall be required for nonconformances, as defined above, to.
flight hardware, ground support equipment, government furnished equip-
ment, as well as software elements assoclated with this hardware.

Prior to the system Static Acceptance Test, nonconformance reporting
will be accomplished in a manner identical to that obtained for STOLAND
(NAS 2-6567).

Nonconformance "Close-Out Data Package'' Submittal

The contractor shall attempt to close out each NCR within 5 days of
occurrence. Copies of the close-out data package shall be provided to
the Technical Monitor for review in accordance with the contract.

A nonconformance close-out data package is defined for the purpose
of this specification as:

A completely processed nonconformance report accompanied,
where appropriate, by failure analysis reports, test reports
and any other supporting documentation necessary to satisfy
the requirements of NHB 5300.4 (1lA), Paragraph 1A306 and
MHB 5300.4 (1B), Paragraphs, 1B801, 1B802, 1BB03 and 1B804.

" In addition to the minimum data requirements defined above, the noncon-

formance close-cut data package shall include:

(1) The nomenclature, assembly number, and serial number of the
‘highest level of assembly affected, all intermediate levels of
assembly affected, and the causal element or lowest level of
assembly affected.

{2) Where circuit designators have been assigned for hardware elements,

they shall be included in the identification detaills, where non-
conformances occur in next assemblies.
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£.1.3.4

b.1.3.3

(3) For each level of assembly and hardware element involved in a non-
conformance, where the disposition is "return to vendor", the actual
manufacturer's name shall be given. :

(4) Identification, by assembly number and serial numbers, of all
items for which remedial action is to be accomplished and objec-
tive evidence of accomplishment.

(5) Test results supported, as appropriate, with interpretation and
analysis, supporting the validity of a design change impacting omn
functional characterls*ics.

(6) When the nonconformance occurs during a contractually-required
test, the test document number, the paragraph or section involved,
the correct response, and the nonconforming response.

Failure Analysis and Corrective Action

The contractor shall employ a strictly-controlled closed-loop system

for the reporting, analysis, correction and data feedback of all failures
and malfunctions that occur throughout the fabrication, handling, test,
checkout and operation of the deliverable airborne equipment, software
and GSE. This system shall emphasize reporting and analysis of non-
conformances that occur, so that timely and appropriate evaluation,
remedial and preventive action can be accomplished by cognizant design,
fabrication, quality and/or field personnel.

Cumulative Status Reporting of Nonconformances

The contractor shall prepare and submit to the Technical Monitor a cumu-
lative listing of all nonconformances written against the contract.

Reports shall be submitted with the periodic Reliability Program progress
reports. Reports shall contain, as a minimum, the following information:

(1) Nonconformance Report document number

{(2) Date of nonconformance

(3) Criticality classification

(4) Identification of highest level of assembly affected

{5) Contractor closure status

(6) For items still open, a brief description of the plans pending or
activity in process to effect closure, and the expected closure
date.

%.1.4 Parts and Materials Program

£.1.46.1

Selection Criteria

a. Standard Production Items - under the following conditions, the
data for an item may be submitted for NASA approval without the
normally required detailed parts and materials list:

(1) 1If the item proposed for use is a standard production item

of the manufacturer, without modification, and has supporting
qualification or usage data.
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b.1.4.2

4.1.4.3

b.l.4.4

(2) If the item proposed for use has been previously approved for
use on a similar NASA project.

b, Non-standard Production Items — Parts and materials for new compo-—
nents and system elements shall be selected to ensure maximum relia-
bility within program constraints. The parts shall be gelected from
Section 3 or Section 4 of AHB 5328-1, "Preferred Parts and Materials
List" or shall be the commercial equivalent to those listed therein.
The materials shall be selected from Section 5 of AHB 5328-1,

c. Acceptability - Parts nelection is subject to NASA/ARC Technical
Monitor review (i.e., parts selections may be disapproved) as pro-
vided for in the contract and in Section 4.1.4.2,

Parts List Submittal

Parts and materials selected in accordance with Section 4.l1.4.1 shall be
submitted, ahead of planned use, on NASA Form ARC 23, For parts and
devices which the contractor selects using criteria other than those
given in Section 4.1,4.1, information shall be submitted on a NASA Form,
ARC 9, but shall also include a description of the planned use and the
basis for selection. On Form ARC 9, the "Technical Representative" is
the same as the Technical Monitor.

Parts/Materials Handling

The contractor shall specify minimum requirements for control of stock-
ing and installation procedures for parts, devices, and materials. These
controls shall be designed to prevent use in the system of parts, devices,
or materials which may be in questionable condition. They shall also be
designed to prevent degradation of parts, devices, and materials due to
environments or faulty manufacturing or assembly techniques.

Part/Material Problem Review

The contractor shall evaluate the significance of the problem items
identified by ALZRT reports (NASA Form 863 or GIDEP Form 20) to the
equipment under contract and respond to Ames on the PER 060 "ALERT
Evaluation Report" for each ALERT received from NASA-Ames. When the
contractor encounters a part or material problem which may be of gen-
eral concern, an ALERT report shall be prepared and forwarded promptly
to the Ames ALERT Coordinater. Contractors participating in GIDEP shall
process ALERT reports in accordance with established GIDEP procedures,

4,1.5 Other Provisions

4.1.5.1

Reliability Program Documents
The documents referred to in Section 1A104 of NHB 5300.4 (la) shall be

limited to only those called for in the contract, The document classi-
fications shall be in accordance with the contract requirements,
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6,1.5.2

Design Specifications

The requirements of Section 1A301 of NHB 5300.4 (lA) shall apply to all
components and to the subsystem and system level except that interface
specifications are controlled as part of the interface documents
{Section 3.9). Control of interfaces and configuration shall be in
accordance with the contract.

4,1,6 Supplier Reliability Program

The provisions of Section 1A2L1-2d and 14205 of NHE 5300.4 (1A) shall only

be applied to those suppliers who have engineering design responsibility

for V/STOLAND equipment (not ground support equipment). Design review
requirements for suppliers may be met during regular design reviews to
avoid duplication.

4,1,7 Failure Mode and Reliabilicy Analysis

b.1.7.1

b,1.7.2

Failure Mode and Effects Analysis

As an integral part of the engineering design effort, the contractor
shall determine possible modes of failure at the LRU output level and
shall determine which of these can result in a critical failure at the
system output interfaces, The primary objective shall be to identify
eritical failure areas, to enable removal of susceptibility to such
failures or their effects and to minimize the risk of mission loss and
maximize crew safety. Where critical system failure modes may occur,
an analysis of the LRU(s) responsible shall be made to determine part
and component malfunctions leading to the failure mode involved. Where
possible, design modifications shall be made to eliminate or substantially
reduce the probability of these malfunctions. The results of such
analyses shall be provided to NASA/ARC for review, according to
contractual schedule.

For critical failure modes which cannot readily be eliminated during the
design phase, hardware and/or software monitors shall be implemented to
detect these failures, provide crew warning, and disengage V/STOLAND
where necessary. The contractor shall demonstrate, by time of final
design review, through simulation and analysis, the effects of such
failures on the aircraft and the efficacy of the failure monitors.

Reliability Prediction and Failure Criticality Analysis

In conjunction with the FMEA, a reliability prediction of each component
shall be conducted, and an estimated system MIBF established. Utilizing
the reliability prediction, system failure modes having critical failure
effects will be reviewed and the estimated probability of each established,
The contractor shall recommend corrective action, through redesign or
redundancy measures, to meet reliability goals commensurate with an
operational V/STOLAND system, The final report on these analyses shall

be included in the Final Design Review package,
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4,1.7.3 Critical Failure Effects

A critical failure effect is one which results in unsafe alrcraft
motion...that is, one which results in overstress on structural elements,
in the aircraft going out of control, or which requires immediate emer-
gency recovery procedures by the crew. The fact that recovery is pos-
sible, or that the failure is displayed to the pilot by means of a
warning light or other indicator, shall not change the criticality rank-
ing. Only if automatic recovery is achievable with no pilot action or

if there is complete assurance that the pilot has time to reconfigure

and no unsafe motion occurs shall the criticality be lessened.

In considering potential failure effects, worst-case flight conditions
shall be assumed.

4.1.8 Reliability Reporting

Reliability Program progress shall be reported periodically as a part of
contractually required status reports.

4.2 Quality Assurance

The contractor shall implement and maintain a Quality Assurance Program com-—
mensurate with the provision of potentially flight-critical aircraft equip-
ment. As a minimum the contractor's Quality Assurance program shall meet

the provisions of NHB 5300.4 (1B) "Quality Program Provisions for Aeronautical
and Space System Contractors', except for the following sections which may

be deleted:

Section/Subsection Title
1B202-2 ' Certification of Personnel
iB202-3 Recertification of Personnel
182024 ' Records
1B204-3 and -4 Quality Status Reporting
1B205 Quality Program Audits
1B206-3 Site Program Plans
1B403 Identification Control
1B404 _ Identification List
1B405 Retrieval of Records
18502-1b and -2 4 Procurement Documents — Contents
18507 Supplier Rating System
1B508 Post-Award Survey of Supplier Operation
18604 Workmanship Standards
18702 . Test Specifications - These provisions may
‘ be included in the test procedures
1B705-2 Qualification Test Articles
1B705-3 Requalification Testing
1B705-4 Qualification Based on Similarity
1B705-7¢ Operating Time Records
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Section/Subsection Title

18903 Article or Material Measurement Processes
15904 Calibration Measurement Processes
131100, 1B110l, and 1B1102-1 Handling, Storage, Preservation, Marking,

Labelling, Packaging, Packing
and Shipping
1B1201 Statistical Planning and Analysis

In addition, the contractor shall comply with the following requirements:
4.2.1 Equipment Records

The equipment records required by Paragraph 1B706-2 of NHB 5300.4 (1B)
shall begin with the initial test of each component and subsystem. The
records shall be consolidated when the components and subsystems are
installed in the aircraft and shall be maintained through the completion
of the contract.

4.2.2 Delivery Data Package

The documentation package required by Paragraph 1B1102-2 of NHB 5300.4 (1B)
shall consist of the records (Reference 1B706-2) for V/STOLAND equipment
and calibration data and maintenance requirements for V/STOLAND, for the
flight instrumentation, and for GSE.

4.2,3 Installation Inspection

Whenever installation of articles or materials cannot be adequately
inspected upon completion of the operation, the contractor's inspection
personnel shall exercise sufficient surveillance to assure the installa-
tion is made in accordance with the specifications or drawings.

4.2.4 (Quality Status Reporting

The Quality Status Report (Section 1B204) shall be coordinated with the
Configuratiua and Irterface Control Program required by the contract.

4,2.5 Change Control

The contractor's change control system (Section 1B302) shall be coordinated
with the Configuration and Interface Control program required by the
contract.

4.2,6 Government Quality Representative

Covernment quality representative actions will be provided at the component
(LRU) level and above only. Inspections of specific items below this level
may be performed by the government when directed by the NASA Technical
Monitor. Such inspections will be coordinated with the contractor to
assure compatibility with his schedule. The contractor is required to make
avallable, at the component (LRU) and system level, prior to acceptance by
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the Government, documents and records indicating the contractor's com-
pletion of all previous manufacturing and test steps. These documents

shall contain a notation (acceptance stamp or signature) by the contractor's
Quality Control Department signifying acceptance and completion of each
work step, operation, inspection, test and calibration as required by
Inspection Control Charts. The above shall in no way relieve the con-
tractor from his responsibility to provide supplies in full conformance to
the requirements of the contract, work statement, MQP, test specifications
and englneering documentation at all levels of performance.

4,.2,7 Procurement Documents

The provisions of Section 1B502 of NHB 5300.4 (1B) shall apply to articles
iisted on the contractor's ''Buy" list and to procurements of specially-
designed parts or specially-fabricated circuit boards. Purchase orders
for standard off-the-shelf piece parts do not require quality assurance
review, Such parts are required to meet the criteria of Section 4.1.4,
however.

4,3 Safety

&£.3.1 General

The design and fabrication of equipment shall provide features for the
safety of personnel during the installation, operation, maintenance, and
repair, or the interchanging of a complete equipment or any portion there-
"of . Guidelines are presented in MIL-STD-882.

4,3,2 Electrical

The design shall incorporate methods to protect personnel from accidental
contact with voltages in excess of 30 volts (rms or dc) while operating

a complete equipment. Suitable protective devices (e.g., interlocks,
barriers, enclosures, signs, grounding rods) shall be incorporated to
protect personnel from accidental contact with voltages in access of 70
volts (rms or dec) while maintaining equipment. Equipment employing
potential in excess of 1,000 volts shall be provided with test points so
that all high voltages can be measured at relatively low potential. The
main power switch located on the equipment (clearly labeled as such) shall
cut off all power to the complete equipment. An indicator lamp shall be
provided to indicate "power-on'", except for battery operated equipment.
Heither side of the supply voltage shall be directly connected to the
chassis. Connector shall be selected so that it will be impossible to
insert the wrong plug in a receptacle or mating unit. Plugs and recepta-
cles shall be suitably coded or marked to clearly indicate the mating
connections.

a. Crounding -~ The path to ground from the equipment shall be continuous
and permanent and have ample current carrying capacity to conduct
safely any currents that may be imposed on it. The ground connection
to the chassis shall be mechanically secure and corrosion-resistant.
Plugs and convenience outlets shall have provisions for automatically
grounding the frame or case of external egquipment or tools when the

)
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4£.3.3

$.3.4

plug is mated with the receptacle. The design and construction of

the equipment shall ensure that all external parts, surfaces, and
gshields, exclusive of antemna and transmission line terminals, are at
ground potential at all times. Any external or interconnecting cable,
where a ground is part of the circuit, shall carry a ground wire

in the cable terminated at both ends in the same manner as the ground
connection.

Mechanical

Protection shall be provided "o prevent personnel from contacting mechani-
cal parts such as gears, famns, and belts when the equipment is complete

and operating. Sharp projections on cabinets, door, or similar parts shall
be avoided. Equipment design shall include provisions to prevent aceci-
dental pulling out of drawers or rack-mounted components. Power switches
shall be located so that accidental contact by personnel will not place

the equipment in operation. The design shall provide means to prevent the
inadvertent reversing or mismating of fittings, couplings, hydraulic or
pneumatic lines. When prevention by design considerations is not feasible,
coding or marking shall be employed. '

Fire Hazard

All items of equipment which in normal operation or faillure might provide
an ignition source shall be protected as follows:

4.3.4.1 Items which arc or are spark producing during normal or failure conditions

shall:
2. Be explosion-proof

b. Be designed to limit surface temperature to below 450°F
during normal operatiom, or during a failure condition.

¢. Electrical wiring shall be designed with frequent support,
including protective conduits if necessary to prevent
chafing of wires. Enough slack shall be left in wires
and wire bundies to take into account airframe flexibilicy.
Wire imsulation shall be abrasion-resistant.

d. If exposed terminals must be used, the cables shall be
supported near the. terminal in such a way that loosening
of the attaching device due to operation or vibration or
by personnel contact is prevented.

e. DC systems which are exposed to wet environments should
not be energized longer than necessary.

f. All electrical components shall be positively bonded to
ensure adequate grounding of all current paths.
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4.3.5

Structural

Mounting screws, bolts, rivets and other fastening devices, and
structural members of racks, mounting brackets, etc. shall be of
sufficient strength to preclude failure under the maximum accel-
eration expected in the aircraft, under all normal and emergency
conditions and to withstand such incidental abuse as can be expected
under all service conditions. The installation hardware and struc-
tural members shall withstand static loads of 9g in the longitudinal
axis forward, 1.5g in the longitudinal axis aft, 2g in the positive
Z axis, 7g in the negative ! axis and 2g in the lateral axis. Stress
analysis verifying structure strengths, shall be required to support
compliance with this paragraph.

4.4 Workmanship

4.4.1

4.4.2

4.4.3

4.4.4

4.4.5

4.4.6

General

Articles shall be constructed in a thoroughly workmanlike manner. Parti-
cular attention shall be given to neatness and thoroughness of soldering,
welding, brasing, plating, finishes, riveting, machine assemblies, screw
assemblies, wiring and cabling, freedom of parts from burrs and sharp
edges, or any defect that could result in unsatisfactory performance.

Soldering

The solder joint shall have a smooth surface, no porosity, a good fillet
and adherence to both parts, and even distribution of scolder tapering to
a feathered edge away from the joint. Flux residue shall be removed.

Welding and Brazing

Welded and brazed joints shall be free of harmful defects such as cracks,
porosity, undercuts, voids, burn-through, and gaps. Fillets shall be
uniform and smooth. There shall be no excessive angular or thickness
misalignment, warpage, or dimensional change due to heat from the welding
or braziug operations. There shall be no damage to adjacent parts re-
sulting from the welding or brazing operation.

Plating and Finishes

All plating and finishes shall be free from scratches, flaking, peeling
or other defects.

Riveting

Rivets shall be secure and satisfactorily headed with the rivet heads
tightly seated against their bearing surface.

Machine Assemblies

Gear assemblies shall be properly aligned and meshed and shall be oper-
able without interference, tight spots, loose spots, excessive backlash,
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4.4,7

4.4.8

or other irregularities that could cause unsatisfactory perfermance.
Bearing assemblies shall be free of rust, discoloration, and imperfections
of ground, honed, or lapped surfaces. Particular attention shall be

given to contacting surfaces which shall be free of tool marks, gouge
marks, nicks or other surface-type defects. There shall be no detri-
mental interference binding, or galling.

Screw Assemblies

Screws, nuts, bolts, etc, shall conform to NAS or MS specifications, and
shall show no evidence of criis threading, detrimental or hazardous
burrs, or mutilation. All screw-type fasteners shall be tight (i.e., no
relative movement possible between the attached parts). All screw
assemblies shall be made vibration resistant, utilizing lockwashers,
safety wire, self-locking nuts, or cotter pins, The length of screws
and bolts shall be determined by using the next standard longer size
which leaves a minimum of 1~1/2 threads above the surface of the nut.

Wiring and Cabling

There shall be no evidence of burns, abrading, or pinch marks in the
insulation that could cause short circuits or leakage. The clearance
between wires or cables and heat generating devices shall be such as to
avoid deterioration of the wires or cables from the heat dissipated by
those devices. Wires and cables shall be positioned to avoid sharp
bends, rough or irregular surfaces, and sharp edges. Wiring shall be
neat in appearance. Cabling and harnesses shall be properly supported.
Lacing shall be applied firmly, yet not with excessive pressure which
could cause insulation damage, and shall be neat in appearance. Shield-
ing on wires and cables shall be secured against fraying and positioned
in a manner which will prevent contacting or shorting exposed current-
carrying parts.

4.5 Testing

4£.5.1

£.5.1.1

4.5.1.2

Environments

The V/STOLAND equipment shall be capable of withstanding the following
environments during storage, shipping and flight:

Temperature

Operating, -15°C to +55°C
Nonoperating, -50°C to +71°C

Altitude

Operating pressures corresponding to altitudes of ~100 meters to
+4,572 weters referenced to sea level. Refer to US Standard Atmosphere,
1966.
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4.,5.1.3 Humidity
Operating and nonoperating, 153 to 95 percent relative humidity.
4,5.1.4 Vibration

Sinusoidal per MIL-STD-810B, Method 514, Table 514.1-III for equipment
category (c), "Helicopters'. Vibration levels shall be per Figure 514.1-3,
curve B,

4.5.1.5 Electromagnetic Interferenc.
As defined in MIL-STD-461A for class 1D equipment.
4,5.2 Test Plan

The test program, including all tests required by Sections 4.5.3 and
4.5.4, shall be described in the contractor's Test Plan. The plan shall
be time-phased, and shall identify, by specification section numbers, in
which test(s) each performance and design requirement of this specifica-
tion will be demonstrated. A brief description of the test method shall
be provided in the Test Plan.

4.5.3 Development Tests

Development tests shall be performed on selected components and on the
integrated V/STOLAND to verify the feasibility of the design approach and
to provide confidence that the STOLAND will meet the specification require-
ments. Breadboard and off-the-shelf components and wiring may be used,
therefore not all of the specification requirements need be demonstrated.
Failures during development tests may be dispositioned by engineering
action only, except for failures to flight-designated elements.

4.5.4 Acceptance Tests

Acceptance tests shall be performed to verify that the components and
system meei the performance and environmental requirements. System
acceptance tests shall be conducted both prior to and after installation
in the aircraft. Standard performance tests shall be defined and used
to test each component and the integrated V/STOLAND with the peripheral
equipment, For V/STOLAND, the real time portions of the test shall be

sequenced to match the programmed flight path in the basie computer
{Section 3.3.3.2).

4,5.4.1 Components and Parts

Each flight and spare component (line-replaceable unit), including
peripheral equipment and ground support equipment shall be subjected
to a performance test when its configuration has been brought to
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4$.5.4,2

final configuration for that unit., 1In addition, environmental tests
shall be performed on each deliverable unit of the following components:

1819A Computer

Data Adapter

‘Panel Power Supply

Serveo Interlock Unit

MFD Display Unit

'MFP Symbol Generator

Mode Select Panel

Status Pane.

MFD Control Panel

DDAS Instrumentation Unit
HSI Signal Conditioning Unit
Rate Gyro Assembly
Accelerometer Assembly
Static Pressure Sensor
Control Stick Force Sensor
Pedal Force Sensor
Keyboard

The environmental tests shall consist of a temperature test followed
by a vibration test. A full functional test need not be conducted
during environmental exposure, but shall be conducted pre- and post~
test. The tests shall be conducted with power on for electrically-
powered components. The temperature test shall consist of ome cycle
as follows:

Increase temperature in chamber to +55°C within 1/2 hour.
After component temperature has stabilized at +55°C, or after
4 hours reduce temperature in chamber to ~15°C within 1 hour.
After component temperature has stabilized at -15°C, or after
4 hours raise chamber temperature to room ambient within

1/2 hour. Maximum component exposure to +55°C or to -15°C
shall not exceed 4 hours.

The vitration shall consist of a l5-minute (minimum)} linear
sweep from 5 Hz to 500 Hz at *2g peak-to-peak (curve B of
Figure 514.1-3 of MIL-STD-810B) along each orthogonal axis of
the component.

Flight equipment racks shall not be vibration-tested, but the contrac-
tor shall assure that components mounted on the racks shall not be
subjected to vibration levels in excess of the design levels. Oper-
ating equipment normally mounted as part of the rack, such as the
cooling blower, shall be subjected to component operation tests and
shall be verified as capable of operating under flight environment by
test or by comparison to tested units (similarity).

Integrated V/STOLAND

Following component acceptance tests, the components shall be assembled
into the integrated system using test cables which simulate the aircraft
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wiring harnesses. Static and dynamic tests shall be performedon each
system, Static tests are defined as the application of a set of speci-
fic inputs by means of Ground Support Equipment (GSE) and other test
equipment and the measurement of the corresponding response.

The static tests are to be end-to-end tests which exercise the system
over its entire range. Safety features and system self-check routines
(Section 3.5.7) shall be verified. Dynamic tests are defined as end-
to—end tests of the complete system using the airborne software in a
simulation environment; they shall be performed at ARC. These tests
shall serve to verify soft: zre and shall demonstrate operation of the
manual configurations aided by CSS modes. After arrival at NASA/ARC,
dynamic acceptance tests of each system shall be performed in the ARC
Simulator, and the system functional capability and integrated system
performance shall be verified. The government shall provide the pilots
for acceptance testing simulations. All software defined in Section 3.3
and all support software shall be used and validated during test in the
NASAfARC simulator.

Acceptance tests shall include operations over a complete test flight
path {Section 3.3.3.2) and operation in each of the flight configura-
tions. Switching in and out of standby and operation of the emergency
cutout features shall be demonstrated.

4,5.4.3 Installation and Compatibility

This test shall consist of tests to be defined by the contractor to
verify compatibility and correct operation of each system with the
system installed in the aircraft and with other aircraft systems oper-
ating. Some software routines, including self-check routines (Section
3.5.7) shall be employed in this test.

4.5.4.4 Preflight

Verification of V/STOLAND performance shall be required in the aircraft
prior to flight test. This test shall include part or all of the in-
stallation tests and shall use the preflight system check routine
(Section 3.5.7.2). Supporting equipment shall be limited to that which
will normally be used to verify system performance in the aircraft,
except for troubleshooting.

4.5.4.5 Flight

This test shall consist of the verification of system operation in
flight. Upon completion of preflight acceptance testing (Section
4.5.4.4), the V/STOLAND shall be operated while the aircraft is air-
borne to perform a simple verification routine which may include a
sample problem. The control outputs shall have the correct response
to the input data, but guildance accuracies need not be demonstrated.
The purpose of the test is to prove operational compatibility with
the aircraft.
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4.5.5 Qualification
No qualification tests are required for the V/STOLAND or its components.
4,5.6 Airworthiness and Flight Safety

All hardware that interfaces with the aircraft and all modifications

that are made to the aircraft shall conform to acceptable techniques and
practices as described in the documents of Section 2.0. The design of
all such hardware and aircraft modifications will be reviewed by NASA

for airworthiness and flight safety, and periodic inspections by NASA/ARC
inspectors will be made during the fabrication process. The sections
listed below describe particularly significant problem areas.

4,5.6.1 Materials

Only materials listed in MIL Handbook 5B or 694A shall be used for
flight hardware interfacing with the aircraft. The manufacturing pro-
cesses utilized shall be in accordance with the guidelines described
in the documents of Section 2.1.

4.5.6,2 Fasteners

Only certified MS or NAS fasteners shall be used. These fasteners
.shall be utilized in accordance with guidelines as described in the
documents of Sectiomn 2.1.

4.5.6.3 Limit Loads

All structures mounted in the aircraft must satisfy the requirements
of reference 1 of Section 2.0. The Contractor shall verify by static
test or analysis that the applicable hardware items do satisfy the
prescribed limit loads with a margin of safety greater than zero.

5.0 HANDLING, SHIPPING AND STORAGE

5.1 Handling and Shipping Equipment

The V/STOLAND handling and shipping equipment must be designed to protect
the equipment from the rigors of handling, shipping, and storage under
expected environmental conditions (Section 4.5.1). GFE shall be included
if it cannot be shipped in its original containers due to integration into
STOLAND ,

3.1.1 Shock Mounting
The contractor shall design durable reusable transporting and shipping
containers and/or equipment to attenuate the mechanical inputs of shock

and vibration such that the loads and stresses will be lower than the
design loads and stresses in operation.
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5.1.2 Environmental Protection

The design of shipping containers and/or equipment shall be such that the
V/STOLAND, during shipping, handling, and storage, including at NASA/ARC,
shall have protection from expected environments of temperature, humidity,
sand, dust, and salt spray, so as to be less severe than design envelope
conditions. :

5.1.3 Shipping Equipment Requirements

5.2

5.3

5.4

6.0

6.1

The contractor shall provide .1l shipping equipment which shall include
shipping containers and dust covers.

Shipping
The contractor shall be responsible for shipping.

Delivery Site

Unless otherwise notified, the contractor shall deliver the V/STOLAND and
its supporting equipment, with GFE, to NASA/ARC.

Steorage
No special provisions except as given in Section 5.1.2.
NOTES

Definitions and Abbreviations

ALT - Altitude

ATE - Automatic or Automated Test Equipment
Auto -~ Autopilot

CFE - Contracior-Furnished Equipment

CRS -~ Course

¢SS - Contrel Stick Steering

DDAS - GFE Digital Data Acquisition System

DME - Distance Measuring Equipment, Ultra High Fregquency Navaid providing
range Information

EMI - Electromagnetic Interference
FD - Flight Director

FP - Flight Path, esp, Programmed Flight Path
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FPA — Flight Path Angle

GFE - Government-Furnished Equipment
GS8E - Ground Support'Equipment

HDG - Heading

HSI - Horizontal Situation Indicator
1AS - Indicated Air Speed

INS - Inertial Navigation System

MFD

Multifunction Display
MODILS - Modular Instrument Landing System
MSP - Mode Select Panel

NASA/ARC - National Aeronautics and Space Administration, Ames Research
Center

ADI - Attitude Director Indicator

Navaid - A Ground Radio Navigation Aid

SIU - Servo Interlock Unit -

STOL - Short Takeoff and Landing (aircraft)

STOLAND - Airborne STOL terminal area navigation guidance and control
system

TACAN - Tactical Area Navigation, ultra high frequency navaid providing
bearing and range information

VOR - Very high frequency omni-directional rahge'navaid providing bearing
and range information

VOR/DME - Co-located VOR and DME navaids
VSD - Vertical Situvation Display
Y/STOL - Vertical/Short Takeoff and Landing

/

V/STOLAND - Alrborne V/STOL terminal area navigation guidance and control
system

YTOL — Vertical Takeoff and Landing

66




